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PUBLISHERS' NOTICE. 



In offering the present edition of Perkins' Elementary 
Arithmetic to the public, the Publidiers desire to call atten- 
tion to what they deem the peculiar merits of the work. 

I. They regard as a prominent feature of the book, the 
presence throughout of the distinguished mathematical mind 
of the Author. It^s not everything labelled " an explanation," 
in an Arithmetic, that brings reasons to view ; nor every opera- 
tion marked an '^ analysis" that reveals principles or essential 
relatione. There is still a " lower deep" where the ground- 
matter lies ; and this we think Professor Perkins has ploughed 
up. The examiner may select, at random, proofs of this radical 
excellence. 

We, therefore, believp that the Arithmetic which we sub- 
mit, is peculiarly adapted to discipline the minds of those who 
study it, in the science of Numbers, and to advance Ihem to a 
higher level of intellectual capability ; in short, to train them 
JUly for advanced departments in Mathematics. 

We are confident that the present work will maintain a 
longer than usual hold on the interest of both teachers and 
pupils ; for it is not, like a cistern, ta be exhausted by a few 
drawings, but like nature's reservoirs^ it has the fountain 
within itself. 

II. The Publishers would present as another excellence of ihe 
book, its freedom from minute repetitional details which cum 
ber a page, and obstruct a pupil's progress. It is believed 
that IK) principle isief); unelucidaied; and that new light is 
thrown upon many, heretofore imperfectly illustrated. It is 
regarded as no small merit of the work, that it does not so 
dilate princi^es and erumble reason* m in ^^«%\^Vt VV.^ 
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power or obscure their clearncBs. There is such a thing as 
debilitating a pupil's mind through excess of illustration ; as 
inducing a passive reception rather than an active grasp of 
truths. It is with the intellectual as with the physical system. 
The digestive process would be less complete, if he who eats 
should be deprived of the action and the relish of chewing and 
swallowing his own food ; so a true digestion of knowledge 
requires that the pupil should masticate his own intellectual 
aliments. We think Professor Perkins' book is happily adapted 
to secure this result. 

III. The general arrangement of the subjects treated is 
thou^t to be philosophical. Those are brought into con- 
junction which are related in idea. The subject of Fractions, 
of Decimals, of Interest, of Partial Payments, etc., will, in 
their perspicuousness and their thoroughness, commend them- 
selves to the examiner. 

The subject of Proportion and Ratio is presented with pe- 
culiar force ; eis also, in Equation of Payments, the method of 
finding the Cash Balance. 

IV. The method of Extraction of the Cube Root is greatly 
preferable to the old method. It is far more concise and more 
comprehensive ; saving nearly half the labor, and being ap- 
plicable, with little variation, to the extraction of all roof p. 
The new method is fully and beautifully explained in thi 
work. 

V. The properties of the significant figures, and the use of 
the zero, are, we think, philosophically and concisely pre- 
sented. 

VI. Lastly, we may say, no subject has been omitted (m 
account df any inherent difffculty in elucidating it. ' 

The Publishers take pleasure in the appearance of the 
Pook, which certainly invites the interest of the scholar. 



PREFACE. 



It is more than four years since this work wag 
published. During the whole of this time it has 
been in constant use under my own superintend- 
en'co ; and, consequently, I have had opportunity to 
ascertain what were its defects, and wherein a differ- 
ence of arrangement, or other modiflcajtions, would 
be desirable. I have, also, consulted experienced 
teachers with direct reference to the present re- 
vision of the work, and now submit the result to 
the public. 

I am confident that great improvements will be 
found in the following particulars. In the state- 
ments of properties, relations, and principles — ^in 
the phraseology of definitions .and of Rules — in the 
methods of illustration — in the order of arrange- 
ment of the subjects treated ; indeed, throughout the 
entire work. 

My object has been to be concise, yet lucid ; to 
reach the radical relations of numbers ; and to pre- 
sent fimdamental principles jn analyses and exam- 
ples, that shall leave nothing obscure, yet that shall 
not embarrass by multiplied processes, or enfeeble 
by minute details. I hold to the idea that a suffi- 
ciency of illustration to lay open thoroughly the 
subject treated, is all that is desired ; and that what- 
ever is redundant impairs the force of what is essen- 
tial. Both teachers and pupils will, ^s 1 \\xd%^,\i^ 

1* 
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benefitted by thus leaving them* somewhat to the 
action of their own minds. 

It is not easy for me to specify points to which 
attention may be directed. But I would suggest, the 
definition of the values of Figures — of the Zero; 
the illustration of Subtraction ; the general treat- 
ment of Vulgar Fractions; the introduction of 
Decimal Fractions before Federal Money ; and of 
Duodecimals immediately after Denominate Deci- 
mals ; the whole arrangement of Percentage and 
Interest ; the method of finding the Cash Balance in 
Equation of Payments. And last, but not least, the • 
method of extracting the Cube Root, by means- of 
auxiliary columns. To this method I ask the atten- 
tion of teachers generally. I believe I have omitted 
no step necessary to make it perfectly intelligible ; 
and for conciseness and beauty, as well as for prac- 
tical use, it is incomparably superior to the usual 
method. 

Throughout the entire work many new examples 
have been given, which have been formed with 
much care, having the different parts so related as 
to bring out, when solved, exactly the principle de- 
signed. Many of these questions contain statistical 
and historical facts which it is desirable for all to 
know, thus giving an interest to the questions which 
they could not possess in an abstract and siftiply 
numerical form. 

GEO. R. PERKINS. 

Utica, March, 1849. 
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ARITHMETIC. 



Article !• Arithmetic is the science of numbers. 

The operations of arithmetic are performed by the aid 
of five distinct rules, viz. : Numeration, A ddition, Subtrac- 
tionjMultiplication, and Division. These are usually called 
the Fundamental Rules of arithmetic, because all other 
rules are founded upon them. 

What is Arithmetic 1 How many distinct rules has it for its operations ? Repeat 
their names. What are these usually called 1 Why are they so called 1 



NUMERATION. 



3. Numeration explains the method of reading written 
numbers. 

Notation is the writing down of numbers. 

Various methods of notation and numeration were used 
by the ancients. We shall content ourselves with men- 
tioning two, the common or Arabic method, and the Roman 
method. 

In the common method ten characters are employed. 

These characters when written are, 

/, 2, s, 4, s, 6, y, s, 9, o. 



IQ ELEMENTARY ARITHMETIC. 

When printed, they become, 

1, 2, 3, 4, 5, 6, 7, 8, 9, 0. 

They have the following names : 

1 is called One, or a Unit, 

2 is called Two, or two Units, 

3 is called Three, or three Units, 

4 is called Four, or four Units, 

5 is called Five, or five Cnits, 

6 is called Six, or six Units, 

7 is called Seven, or seven Units, 
B is called Eight, or eight Units, 
9 is called Nine, or nine Units, 

is called Naught, Cipher, or Zero. 

Each of th«se characters, except the zero^ is called a 
digit*; and the first nine, wl^n taken together, are called 
the nine digits. 

Any digit is called a significant figure. 

What is numeration 7 How is the common method sometimes called 1 In this 
method how many characters are employed 1 What are the names of these char* 
acters 1 What are called digits 1 What Is a significant figure 1 

3« The significant figures have unchanging values ; 
that is, they always represent units or ones ; but the units 
which they represent differ in value. 

When a significant figure stands disconnected from 
other figures, the value of its unit is called its simple value. 
When such figure stands in connection with other figures, 
the value of its unit will depend upon the place which it 
occupies, and is therefore called its local value. 

Thus, in the number 3456, which consists of four sig- 



* Tnm the Latin, digitiu^ a finger ; because the ancients used to do their leckoif 
^ag 00 ^Mt &Bgt$. Qrjfinslly 10 was als* called %. d\K\t. 



NUMERATION. H 

nificant figures standing in connection with each other, 
each figure expresses units ; but units of different values. 
The right-hand figure, 6, expresses six units, whose value 
is their simple value ; that is, each unit is a single one. 
The second figure, 5, expresses five units ; but each unit is 
ten times greater than each unit of the first figure ; there- 
fore the 5 may be read 5 tens, equal to fif ly units of simple 
value. The units expressed by the third figure, 4, are ten 
times greater than the imits expressed by the second 
figure, and one hundred times greater than those ex- 
pressed by the first figure ; the third figure is therefore 
read 4 hundreds. The last figure, 3, expresses units ten 
times greater than the units in 4, and one thousand times 
greater than the units in 6, and is read 3 thousands. 
Hence this property: 

When figures are connected in a line as in the number 
3456, the units which they express are said to be of dif- 
ferent orders. Thus, 6 occupies the first place, and its 
units are of the^rvs^ order, that is, they have their simple 
value. The 5 occupies the second place, and its units are 
of the secon^ order, or tens. The 4 occupies the third 
place, and its units are of the third order, or hundreds. 
The 3 occupies the fourth place, and its units are of the 
fourth order, or thousands. Hence the above number is 
three thousand four hundred andfifty-six. 

To numerate and read the numbers in the following 
table, proceed thus : Begin with the upper line 3. The 
first place only being occupied, you numerate Units. Then 
read, three units, or simply three. In the second line two 
places are occupied — then numerate Units, Tens — read 
fifty four. In the third line' three places are occupied ; 
then numerate Units, Tens, Hundreds — read two hundred 
and sixty'Seven, and so proceed. 
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2 9 12 nx^jh jrrm ; and so 

2 6 5 4 proceed. 
7 4 2 1 



768 2 469S 
685731975 

if:. In the jHrecediae table no occurs. This charac- 
ter, unlike the digits, represents the ahsemee of number. It 
is used to fill places where no Taloe is to be exfunessed, 
and thus to cause the sigittfic^mt figures to occupy those 
places in which thev will express the intended values. 
Thus. 2. standing: alone, means 2 imits of the first order, 
or of simple value : but 20 means 2 units of the second 
order, and no units of the first order: that is. 20 is the ex- 
pression for 2 tens, or twenty. In the same way, 200 
mentis 2 units of the third order, no imits of the second 
order, and no imits of the first order ; that is, 200 is the 
expression for two hundred. 

Hence, a zero placed at the right-hand of a significant 
figure, increases the simple value of its imits tenfold. Two 
;^ros placed at the right-hand of a significant figure in- 
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crease the simple value of its units ten times tenfold, or a 
hundred-fold. Three zeros a thousand-fold, and so on ; every 
additional zero increases the preceding value tenfold. 

In reading numbers containing zeros, we read only the 
significant figures. Thus the number 20406, consisting 
of 6 units, no tens, 4 hundreds, no thousands, 2 ten thou- 
sands, must be read twenty thousand four hundred and six. 

Does the value of figures change ? What do they always represent ? Do their 
units differ in value 1 What is the local value of a unit 1 When significant figures 
are connected together, what«alue has the unit of the right-hand figure ? What the 
unit of the second figure, &c. t Give an illustration. When a figure occupies the 
first place, of what order are its units, See. 1 Repeat the Numeration Table. What 
do you mean by the place of a figure 1 What by the order of its units ? What does 
the zero represent? For what purpose is it used 1 What efiect has it on the units of 
the significant figures with which it is ponnected? What effect have two zeros'/ 
What efifect has every additional zero 1 In reading numbers, what use do we make 
of the zero 1 What figures do we read 1 

EXAMPLES. 

Numerate and read the an- 
nexed numbers : 

Also, write down the following 
numbers under each other, so 
that imits may stand under 
units, tens under tens, hundreds 
under hundreds, &c. 

Seventy-three. 

Three hundred and thirty -seven. 

Eight thousand six hundred and one. 

Ninety-seven thousand three hundred and forty-three. 

Three hundred thousand, five hundred and eleven. 

Six milHons, one thousand and twenty-five. 

Forty-three millions and seventeen. 

Two hundred and thirty-three millions and ten thousand. 

Sm Thus far we have shown how to numerate and 

read numbers which do not contain more than nine places 
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of figwea. When there are more than nine places of 
figures, it will be convenient to divide them into periods of 
three figures each, as in the following 

TABLE. 

- s S B 

I I I 3 - . I 

'iiiiiiill 

Hi li h U I, i 1. 1| 
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By this table we discover that each period, or group of 
three figTires, takes a new name, by which means the 
numeration of b.11 numljers is made to depend upon that 
of three figures. 

6. The above method of numerating, by giving to each 
period of three figures an independent name, is due to the 
Fretich. There is another method, sometimes used, called 
the Eitgliak method. It coosists in giving a new name to 
each period of six figures. The Freach way is the sim- 
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. pier, and u generftll; adopted. We vill exhibit the two 
DMlhode at one view ih the foUoviog 
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7* After the pupil has cArafuUy examined this table, 
let him be required to numerate and read, bj dividing into 
periods of three figures, the following numbers : 

1347835674116 

3478567321752005 

75456278327005717 

633456267489136545 

45654213400100205437 

46774348692 1 7864 12 123456489 
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Let him also separate them into periods of six figures^ 
according to the Enghsh method, and then numerate andL 
read them. 

It will be seen, by reference to the foregoing tables, 
that the French and English methods of nmneration 
agree as far as nine places of figures, which is as far 
as we generaUj wish to extend numbers in the copdinarj 
business operations of life. Numbers could be chosen 
which should be widely different, and still would be read 
precisely the same by the two methods. For instance, the 
French method of reading 103900000000000 is the same 
as the Enghsh method of reading 1 03000900000000000POO, 
each reading being one hundred and three triliians, nine 
hundred billions. 

The same is the case with infinite other numbers 
which might be selected. Hence the importance of know- 
ing which system of numeration is employed- Twenty 
billions in the English system is a thousand times twenty 
billions in the French system. 

ROMAN XOTATIOX. 

8« The Romans, as well as many other nations, ex- 
pressed numbers by certain letters of the alphabet. The 
Romans made use of only Sfeven capital letters, viz. : I for 
one ; V for five ; X for ten; L ^or fifty ; C for one hundred; 
D for five hundred ; M for one thousand. The other num- 
bers they expressed by various repetitions and combinations 
of these letters, as in the following 

TABLE. 

1 expressed by I. As often as any char- 

2 " " IL acter is repeated, so many 
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h 



[• 




ADDITION. 17 
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expressed by in. 




times is its value re- 
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« IV, or 


iin. 


peated. 
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« V. 




A less character be- 
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« VL 




fore a greater, diminishes 
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<i 


« VII. 




its value. A less char- 
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« VIII. 




acter after a greater, in- 
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« IX. 




creases its value. 


10 
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« X. 






50 
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" Ti. 




." 


100 
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« C. 






500 
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« D. 




A bar ( — ) over any 


1000 
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« M. 




nimiber, increases it 1000 


200O 
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« MM. 




fold. 


500O 


u . 


« V. 







By what means did the Romans express nombers 1 . In this notation, how did re- 
IMtttin^ a letter affect the value which it represented 1 How was the value of a 
citarseter a£fected when one of less value was placed before it ? How when a char- 
acter of less value was placed after it 1 How was the value affected by a bar drawn 
owitt 



ADDITION OP SIMPLE NUMBERS. 

9« Simple ADnrnox is putting together several num- 
bers of the same kind or denomination. 

The sum total which is obtained by adding several 
numbers together, is called the amount. 

Before explaining the method of adding numbers, we 
will show the use of the two symbols =, +. 

The symbol =, is called the sign of equality, and when 
placed between two quantities, it indicates that they are 

2* 
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' 2+0— 2 


3+0= 3 


4+0— 4 


; 5+0= 5 


2+1= 3 


3^1= 4 


4+1 5 


5+1= 6 


2-t-2= 4 


3-s-2= 5 


4-2- 6 


5-h2= 7 


2-3- 5 


3^3— 6 


4—3— 7 


5+3= 8 


2+4= 6 


3+4— 7 


4—4= 8 


5+4= 9 


2+5= 7 


3+5— 8 


4-5= 9 


5+5=10 


, 2-h6= 8 


3+6— 9 


4+6—10 


5+6=11 


2+7= 9 


3-^7=10 


4hk7— 11 


5+7=12 


2+8—10 


3+8=11 


4+8=12 


: 5+8=13 


2+9=11 


3+9=12 
7+0= 7 


4+9= 13 


5+9=14 


6+0= 6 


; 8+0- 8 


9+0= 9 


6+1- 7 


7+1= 8 


! 8+1- 9 


\ 9+1=10 


6+2= 8 


7+2= 9 


i 8+2=10 


1 9+2=11 


6+3= 9 


7+3=10 


8+3=11 


1 9+3=12. 


6+4=10 


7+4=11 


8+4=12 


9+4=13 


6+5=11 


i 7+5=12 


8+5=13 


9-h5=14 


6+6=12 


7+6=13 


8+6-14 


9+6=15 


6+7=13 


7+7=14 


8+7=15 


9+7=16 


6+8=14 


7+8-15 


8+8=16 


9+8=17 


6+9=15 


7+9=16 


8+9=17 


9+9=18 
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Let the pupil be required to answer the following ques- 
tions: 

4+3=how many? 

2+5+ 1 =how many ? 

5+6+7+2=how many? 

8+9+2+ l+7=how many? 

6+7+5+4+3+2=how many? 

l+2+4+3+5+7+.6=how many? 



EXAMPLES. 

1. Where the sums of the several columns are less than 
ten; — 

Add together 2432, 3343 and 4122. 

Set the numbers under each other: 

units under units ; tens under tens ; 

hundreds under hundreds ; thousands 

under thousands. . Draw a line below 

the whole. 

Add first, the column of imits. Set 
the sum 7 under the column of units ; 
next add the tens ; set the sum* 9 
imder the column of tens — ^next add 
the hundreds; set the sum 8 under 
tbe*column of hundreds. Lastly, add 
the thousands, and set the sum 9 
under the column of thousands. The 
yi/hole amount is, then, nine thousand 
eight hundred and ninety-seven. 

Add 6264, 2532 and 1203. 



OPERATION. 


• 

OQ 








TS 


• 






a 
a 

OQ 


■§ 









n3 




00 


O 


a 


c 




^ 


3 


« 


a 


H 


ffi 


H 


t) 


2 


4 


3 


2 


3 


3 


4 


3 


4 


1 


2 


2 


9 


8 


9 


7 



Ans. 9999. 
Ans. 6556. 



Add 4132, 1001 and 1423. 
2. Where the sums^of the several columns equal or 
exceed ten; — 
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EJ.EMENTARY ARITHMfiTI« 

t 



What is the sum total of the following numbers : B768> 
4903, 7006, 3713, 3721. 

Place the numbers as directed in 
the preceding example. The sum 
of the numbers in the units' column 
is 21 — that is, 2 tens and 1 unit. 
Set the 1 imder the units' column, 
and carry the 2 to the next or 
tens' column. • The sum of the 
tens' column thus increased is 10 
tens; that is, 1 hundred and no 
tens. Place a zero under the tens' 
column, and carry the 1 to the hun- 
dreds' column. The sum of the 
hundreds' column, so increased, is 
31 hundreds ; that is, 3 thousands and 1 hundred. Set the 
1 under the hundreds' column, and carry the 3 to the 
thousands' column. The sum of this column, so increased, 
is 23 thousands, or 2 tens of thousands and 3 thousands. 
Set the 3 under the thousands' column, and carry the 2 
to the tens of thousands' place ; or, what is the same 
thing, set down the whole of the sum of the last column. 

10. From what has now been explained, we know 
that ten units are equal to one ten, ten tens are equal to 
one hundred, ten hundreds are equal to one thousand, and 
so on ; ten of any order are equal to one of the next supe- 
rior order. Hence, for adding numbers of the same de- 
nomination, we deduce this 



OPERATION. 
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3 
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RULE. 



/. Place the numbers to be added under each other, so 



ADDITION. 
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tku units may stand under units, tens under tenSy hundreds 
under hundreds, and so on for the higher orders. 

II. Commencing at the right jjind the sum of the numbers 
tn th column of units ; if this sum is less than ten, place it 
immediately under the unit column; hut if it equals or ex- 
ceeds ten, see how many tens it contains, and how many 
units over ; write down the units under the units' column, 
and carry the tens to the next, or tens^ column. In this way 
proceed with each column, observing to carry for every ten 
contained in such column, one to the column of the next 
higher denomination. When we reach the last column, its 
whole amount must be set down. 

How do yoa wHte the numbers for addition 1 Where do yoa eommenee to add 1 
If the mm is expressed by a single digit, how do you dispose of iti When it equals 
or tteeeds ten, how do you proceed 1 What is the rule with regard to carrying 1 How 
ilojoa proceed when you come to the last column 1 





EXAMPLES. 


(1.) 




(2.) 


56430 




7921341 


12798 




82345768 


34457 




79013265 


21325 




7890275 


125010 


amount. 


177170649 



PROOF OP ADDITIOIJ. 

11 • The method of proving, or testing the work of 
addition, is generally to commence at the top of the re- 
spective columns and add downwards, carrying one for 
every ten as before ; if the sum is the same as when the 
columns were added upwards, the work is then supposed 
to be correct. This proof is not infallible, since mistakes 
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BLBMBHTAET AEITHMETIC 



may occnr in both opeiatioiis, which shall balance eael 
other. 



Hbv ■ tht voik of aMilM 


m t&mmaMf fwrnit 


btWiMaodorpraori 


WkfMtl 






(5.) 


(6.) 


(7.) 


34567890 


43345678 


123423434 


2357911 


21123355 


23785432 


234567 


27893 


9876543 


24897 


54689 


751002 


64 


734321 


10200 


37185329 


65285936 


157846611 



a Add 123405, 2354210, 794327, and 36547, togethflfc 

Ans, 3308489. 

9. Add 275602, 345607, 4567801, and 365, togethen 

Ans. 5189375. 

10. Add 100375, 406780, 4673005, 4112, and 2478, 
together. 

Ans. 5186750. 

11. Add 1034001, 78954, 379205, 367001, and 45637, 
together. 

Ans. 1904798. 

12. What is the sum of the following numbers : Three 
thousand six himdred and fifty, seven thousand eight hun- 
dred and thirty-two, eleven thousand five hundred and 
■ixty-seven, ten thousand and fifty-six, fomr hundred and 
seventy-two? Ans. 33577. 

13. What is the simi of the numbers, fomr thousand 
three himdred and seventy-three, three thousand one hun- 
dred and fourteen, one thousand two hundred and twenty- 
three, «ix himdred and fifty-four? Ans. 9364. 



AJ>DITION. 23 

14. Find the number of days in a year, the days of 
the respective months being as follows: January,31, Feb- 
^ iuar)r,28, March, 31, April, 30, May,31, June, 30, July,31, 
I August, 31, September, 30, October, 31, November, 30, De- 
I cember,31. 

(Ans. 365 days. 
15. A man drew five loads of bricks,* in the first load he 
had 1209, in the second load 1453, in the third load 1 101, 
in the fourth load 1212, and in the fifth load 1303. How 
many bricks were there in all? 

Ans. 6278 bricks. 

16. If there are shipped from the United States, 15624 
banels of flour to Sweden, 250 barrels to Holland, 205154 
iMuiels to England, 6401 to Texas, 19602 to Mexico, what 
18 the whole amount? Ans, 247031 barrels. 

17. In 1837 the United States exported 100232 hogs- 
heads of tobacco; in 1838 they exported 100592; in 1839 
they exported 78995; in 1840 they exported 119484; in 
1841 they exported 147828. How many hogsheads of to- 
bacco were exported during these five years? 

Ans. 547131 hogsheads. 

18. If the cotton crop of the United States is estimated 
at 1360532 bales for the year 1839, 2177835 bales for the 
year 1840, 1634945 bales for the year 1841, and 1683574 
bales for the year 1842, how many bales will the four 
years' crops amount to? Ans. 6856886 bales. 

19. In 1839 the Onondaga Springs produced 2864718 
bushels of salt ; in 1840 they produced 2622305 bushels ; 
in 1841 they produced 3340769 bushels; in 1842 they 
produced 2291903 bushels. What is the whole number 
of bushels during the above four years? 

Ans. 1 1 1 19695 bushels. 



M KLKXH^f VAI.1 AB.CTKSETIC. 

^. Tbjt Cmuti St.iti^ •>xz«3cti*d in bnlBaa and spnek, .. 
in 'I si."?. hK>Cj'Ui iot-A3 ^ Lnj'j-- ? 776 7 43 daiiai8;i|f 
i?iai4I70U -itiLa^. iii .^41. LC>0;>iao-2 doUuL Emf\ 

Aitj. $0736135 doUan. . j 

^L Annnrrrr oc :ea. cocgTrni^i zi ^e United Slats^ S 
dminc I'^-i^wns L^rii54^ pccniis: <iacin^ lS43yhwas_ 
127557-l-S pacm^: in 1^44. i£ ^ris I3»>34S^ poands ; m 
1545. it w%s I7L'5-:t>5*> uomijis: aad in 1S46 it WM 
1659 1 tyi^ pcffisiis. Whii: wns the vLDi* number of poondl 
danng^ these n^e jears i 

^&f. 7 S376i90 pounds. 

22. The amoimt oc codee coc^i::i€d in the United 
States, daring the vear 15-4:2. was i073SS567 pounds; is 
13433 was 85916666 poaniis : in 1544. it was 149711820 
pounds : in 1545. it was 94355939 pounds, and in 1846 
it was 124336054 pounds. What was the whole number 
of pounds dunn^ these five jeais ? 

Ams. 561707046 pounds. 

23. The number of acres of pubhc land sold by the 
United States goyeroment. in the rear 1841, was 1 164796 
acres; in the year 1842, it was 1129217 acres; in 1843, 
it was 1605264 acres; in 1844, it was 1754763 acres; , 
and in 1845 it was 1843527 acres. What was the whole 
number of acres sold during these five years ? 

Ans. 7497567 acres. 

24. The United States reyenue for letter postage^ under 
the new law, was as follows : for the year 1842, it was 
JJO/53315 dollars; for 1843, it was 3738307 dollars; for 
1844, it was 3676162 dollars; and for 1845 it was 
366023 1 dollars. What was the whole number of dollars 
during these four years ? Ans. 15028015 dollars. 



25, In 1843, the amount of gold coined at the United 
It&tes mint and branches, v/blb as follows : At Philadel- 
phia, 4062010 dollars; at the branch at New Orleans, 
3177000 dollars; at the branch at Dahlonega, 582782 
doUaiB ; at the branch at Charlotte, 287005 dollars. Hou- 
manj dollars of gold coined in all } 

Ang. 8108797 dollars. 
The sum of the numbers in each row of the following 

table, whether taken vertically or horizontally, or from 

comer to comer, is 24156. Let the pupil be required to 

make these 24 distinct additions.* 



H16 


1212 


1655 


3S52'l 29613493 S36 3132 576 2772 


218 


352 


sosa 


4S48 


1G92'39SS| 1332 3523 


D75'3I68 612 


2412 


H48 


888 


2088 


42H4 1738;3924ll3fl8 


3504 1009 12808 


648 


681 


3484 


324 


2IS4'4320 1764 3960 


1404 3204 1044 


2844 


ISSO 


720 


2520 


360 2160:43ft6 1800 


3600; 1440 33-10 


loao 


1116 


aai6 


756 


25ftH| 3%'219G39ge 


1836.3638 


1473 


3276 


SS13 


I1B2 


3952 


792 2592 36 2232 


4032 1872 


3.72 


iSia 


1648 


3348 


1198 


2988 43S 


2B28 72 


2266 4068 


1908 


3709 


S744 


1584 


3384 


S2S3024 


46312664 


108 


2304 


4,0. 


1944 


19S0 


3780 


ia24|342l> 864 


3080 504 


2700 


144 


3340:4I4U 


1176 


1620 


semneosiae mo '30% 


540 


2736 


ia0|a37t. 



*IUiUUa iBfbnii*db7BuH{|ilrhi|lli*DdBBlH» in 



ItlTIIMETtC. 



The quantity nixl value of teas and coSee consumed 
annually, Iroin 1H-2I to 1846, in the United States, w«n 
as follow : 



y..« 


Ttur 


...«-. 


(MrroO^i^.^ I 




r^«^ 


vu.. 


»«<.. 


*«.. 


1821 


4586223 


»1 080264 


11886063 


92402311 


1822 


5305588 


1160579 


18515271 


3899042 


1823 


6474934 


1547695 


16437045 


2835420 


1824 


7771619 


2224203 


20797069 


2513950 


1825 


7173740 


2346794 


20678062 


1995893 


1826 


8.18-i48;t 


:U4d5S7 


25734784 


2710536 


1827 


aOfO.-'K-. 


'.H2439 


28354197 


1 130607 


1828 


6:i8y5Sl 


17.1993 


39156733 


3695241 


1829 


56U279S 


1531460 


33049695 


3052020 


1830 


liaT30'Jl 


153221 1 


38362687 


3180479 


1831 


465G6SI 


1057538 


75700757 


5796139 


1832 


8627144 


2081339 


36471241 


2516120 


1833 


12927043 


47750S1 


75057906 


7525610 


1834 


13193553 


5422275 


44346505 


4473937 


1833 


12331638 


3594293 


91753002 


9381689 


1836 


14484784 


4472342 


77647300 


7C07S77 


1837 


144657-22 


5003401 


76044071 


7335506 


1838 


11978744 


2559546 


82872633 


7138010 


1839 


7748028 


1781834 


99872SI7 


9006635 


1840 


1G860784 


4059545 


86297761 


7615824 


1841 


10772087 


3075332 


109200247 


9S55273 


1842 


13482645 


3567745 


107383567 


8447851 


1843 


12785743 


3405627 


8591G666 


5923927 


1844 


13054327 


3152225 


1497 11820 


905429S 


1845 


17162550 


480961 1 


94358939 


5380532 


1846 


16801020 


3983337 


124336054 


7802894 


Tut.,.,. 











This Inble will nfTord material for as many examples in 
addition (19 the iPBchpr mnyileBiTe. Thus, he may require 



SUBTRACTION. 07 

le pupil to find the total number of pounds, as well as 
oUare, for the iwhole number of years given, or for any 
articular years -w^ithin the limits of the table ; and as it 
i very desirable for the pupil to be quick and accurate in 
he addition of numbers, it will be well for the teacher to 
otend to considerable length the exercises which may be 
liawn from the above statistics. 



SUBTRACTION OF SIMPLE NUMBERS. 

1S« Subtraction is taking a less nimiber from a 
pBater. 

The greater number is called the minuend^ and the 
^nailer number is called the subtrahend; the result is 
ailed the remainder or difference. 

The symbol for subtraction is — . When this symbol 
) placed between two numbers, it indicates that the sec- 
nd is to be subtracted from the first. Thus, 8—5, denotes 
lat 5 is to be taken from 8. The remainder being 3, we 
ave 8—5=3. 

The symbol — is generally read minus; a Latin word 
leaning less. 

What it Sobtraetion 1 What it the greater namber caDad 1 What it the imaller 
nibereaBed 1 What it the latalt ealladi What lymbol it uted to denote Snb* 
letioal 

By using this sjrmbol, we may form the following 
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1 2 2 = 





3-3= 





4—4= 





5—5= 


3-2 = 


1 


4-3= 


1 


5—4= 


1 


6 5= 1 


4—2= 


2 


5—3= 


2 


6—4= 


2 


7—5= 2 


5—2 = 


3 ! 


6—3— 


3 


7—4= 


3 


8—5= 3 


6-2= 


4 ■ 


7 3= 


4 


8 4= 


4 


9—5= 4 


7—2= 


5 ! 


8-3- 


5 


9—4= 


5 


10—5= 5 


8—2 = 


6 


9 3 = 


6 


10—4= 


6 


11—5= 6 


9-2= 


7 ! 


10—3= 


7 


11—4= 


7 


12—5= 7 


10-2 = 


8 


11—3 = 


8 

J 


12-4= 


8 


13—5= 8 


11—2= 


9 


12—3= 


9 


13-4= 


9 


14 5= 9 


6-6 = 





7—7= 


0' 


8—8= 





9—9= 


7 6- 


1 


8—7= 


1 


9-8= 


I 


10 9= I 


8-6= 


2 


9-7- 


2 


10 8= 


2 


11—9= 2 


9-6= 


3 


10—7= 


3 


11-8= 


3 


12—9= 3 


10—6= 


4 


11—7= 


4 


12—8= 


4 


13 9= 4 


11-6= 


5 


12—7— 


5 


13—8= 


5 


14—9= 5 


12—6= 


6 


13—7= 


6 


14—8= 


6 


15—9= 6 


13-6= 


7 


14—7= 


7 


15 8= 


7 


16—9= 7 


14-6= 


8 


15-7= 


8 


16—8= 


8 


17—9= 8 


15—6— 


9 


16-7- 


9 


17 8= 


9 


18 9= 9 



Let the pupil be required to 
questions : 

8— 2=how many ? 13- 

11— 2=how many? 11- 

8— 3=how many? 13- 

10— 3=how many? 14- 

12— 3=how many ? 16- 

7— 4=how many? 10- 

9— 4=how many? 12- 

11— 4=how many? 13— 

13— 4 =r how, many ? 17- 



answer the foUowiog 



•5= how 
-6=how 
-6=how 
-7=how 
•7=how 
•8=how 
•8=how 
9=how 
•9=how 



many? 
many? 
many? 
many? 
many? 
many? 
many? 
many? 
many? 



SUBTRACTION. 
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OPERATION. 


• 

CQ 

£ 


00* 

S 


• 


7 


9 


6 minuend. 


3 


7 


5 subtrahend. 


4 


2 


1 difference. 



EXAMPLES. 

1. In which no figure of the subtrahend is larger than 
the corresponding figure in the minuend. 
From 796 subtract 375. 

Place the subtrahend directly 
under the minuend, so that 
units may stand under units, 
tens under tens, hundreds under 
hundreds. 

Then commence at the 
units' column and subtract — 
5 from 6 leaves 1 ; place the one 
under the imits' column, and so proceed with each suc- 
ceeding column. 

From 687 subtract 486. Ans. 201. 

From 7949 subtract 5438. Ans. 2511. 

From 69975 subtract 59831. Ans. 10144. 

From 879465 subtract 729355. Ans. 150110. 

From 987654321 subtract 821350011. 

Ans. 166304310. 

2. In which some of the figures of the subtrahend aie 
larger than the corresponding figures of the minuend. 

From 867 subtract 496. 

OPERATION. 






EC 






a 



7 hundred, 16 tens, and 7 imits, [7] [16] J 

=8 hundred, 6 tens, and 7 units, $ 7 minuend. 

4 9 6 subtrahend. 



3 7 1 diflference. 
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ELEMENTARY AKITHMETIC. 



Ans. 281. 

Ans. 418. 

Ans. 1191. 

Ans, 33171. 



Place the minuend and subtrahend as in the preceding 
example. Begin at the units' column ; 6 from 7 leaves 1. 
Passing to the tens' figure of the subtrahend, which is 9, 
we see that it cannot be subtracted from the corresponding 
figure of the minuend. But we know (Art. lO,) that 1 
of any order is equal to 10 of the next lower order. We 
therefore take I from the hundreds' figure, leaving that 
figure 7, (which we place in brackets over the 8, marking 
out the 8,) and counting the 1 hundred as 10 tens, we add 
it to the 6 tens, making 16 tens, which sum we place in 
brackets over the 6 and mark out the 6. We now say 9 
from 16 leaves 7 ; 4 from 7 leaves 3. 

From 959 subtract 678. 

From 767 subtract 349. 

From 8965 subtract 7774. 

From 52475 subtract 19304. 

3. We will now give an example of a more difficult 
operation. 

From 8053 subtract 4967. 

Place the minuend 
and subtrahend as before. 
Commence at the units' 
column. We cannot sub- 
tract the 7 from the 3, as 
the subtrahend figure is 
the larger. We there- 
fore take 1 from the tens' 
figure of the minuend, 
leaving that figure, 4, 
(which w« place in 
brackets over the 5,mark- 
mg out the 5,) and countmg the 1 ten as ten units, we 
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$ minuend. 
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9 
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7 subtrahend. 


3 





8 


6 difference. 



SUBTRACT10>i. 3J 

add it to the 3 units, making 13 units, which sum we 

place in brackets over the 3 and mark out the 3. We 

cannow subtract the 7 from the 13. We next seek to 

subtract the 6 from the 4, which we cannot do. We must 

then seek one from the hundreds' place to be added to the 

4. But there are no hundreds there. We then go to the 

thousands' place. Taking one from the 8, we have 7 lefL 

Place the 7 in brackets over the 8 and mark out the 8, 

The 1 thousand we carry to the hundreds' place, where it 

counts 10 hundred ; place the 10 over the zero and mark 

out the 0. Then take 1 hundred from the 10 in the 

brackets, leaving 9, which, place in second brackets above, 

and mark out the 10; then add the 1, counting it as 10 tens, 

to the 4, and you have 14 tens, which place within second 

brackets over the 4 and mark out the 4. 

Now we proceed with the subtraction ; G from 14 leaves 
8 ; 9 from 9 leaves ; 4 from 7 leaves 3. 

It will be noticed that the minuend appears in three 
different forms ; yet the sum is the same in all. Thus, in 
the minuend proper, the sum is 8 thousands, hundreds, 
5 tens, 3 units ; in the minuend in the first brackets, the 
sum is 7 thousands, 10 hundreds, 4 tens, 13 units ; in the 
second brackets, 7 thousands, 9 hundreds, 14 tens, 13 
units : each form being equal to 8053. 

Note. — Tke preceding explanations are intended to show the 
reasons of the process. The pupil should perform similar opera- 
tions withodt writing down the steps. 

From 8275 subtract 7189. Ans. 1086. 

From 6044 subtract 5272. Ans. 772. 

From 90000 subtract 1 Aos. 89999. 
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32 ILBMEMTART ARITHMETIC. 

There is another mode, shorter and more practical^ for 
performing subtraction, when figures in the subtrahend are 
larger than corresponding figures in the minuend. 

Take the same example. 

We cannot subtract 7 
from 3. Therefore we add 
10 to the 3 and say, 7 from 
13 leaves 6. Having thus 
increased the minuend figure 
3, by 10 units, we balance 
that excess by adding 1 ten 
to the 6 of the subtrahend, 
making 7 tens. But the 7 

tens cannot be subtracted from the 5 tens. Add, then, 10 
tens to the 5, making 15 tens, and then say 7 from 15 
leaves 8 ; having added 1 tens to the 5 of the minuend, 
we restore the balance by adding 1 hundred to the 9 of 
the subtrahend, making 10. But we cannot subtract 10 
from 0. Then we add 10 hundred to the 0, and say 10 
from 10 leaves 0. Before subtracting the thousands, we 
must add 1 to the 4 thousands to compensate for the 10 

> 

hundred added to 0, then say 5 from 8 leaves 3. 

From 9034 subtract 7941. Ans. 1093. 

From 8087 subtract 4759. Ans. 3328. 

From 87315 subtract 19848. Ans. 67467. 

From 64281 subtract 38796. Ans. 25485. 

From what has been done, we deduce this 

RULE. 

/. Place the subtrahend under the minuend^ so that ttntts 
may stand directly under units, tens under tens^ 6fc. 



SUBTRACTION. 



n 



IL Then commencing at the right ^ subtract each figure 
of the subtrahend from the corresponding figure of the min- 
uend ; observing^ when a figure of the subtrahend is 
greater than the corresponding figure of the minuend, to 
increase the minuend figure by \0 before subtracting, and 
then to carry 1 to the next figure of the subtrahend. 

How do yon place the namben for rabtraction 1 Where do you commeoce to 
nibtraet 1 Explain the method of lubtracting when the figure in the lubtrahend ez- 
eeeds the eorreepoDdiog figure of the minaead. 

EXAMPLES. 

.4. From 34678 subtract 13787. 





OPERATION. 

34678 
13787 




20891 difference. 


(5.) 
789347 
120305 


(6.) 
10345678937 
902134124 


669042 difference. 9443544813 



PROOF OP SUBTRACTION. 



13* If the operation is riglAly performed, the difference 
added to the subtrahend must equal the minuend. 



(7.) 


(8.) 


(9:) 


78543 


612045 


9345678201 


23056 


137891 


3279609167 



Differences. 55487 



Proofs. 78543 



474154 
612045 



6066069034 
9345678201 



i 
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10. From seven million three hundred and siztj^-five 
thousand, two hundred and thirty-nine, take three hundred 
and forty-two thousand and thirteen. 

Ans. 7023226. 

11. From ond* million and eleven, subtract thirteen. 

Ans. 999998. 

12. From three hundred and sixly-five thousand, take 
three hundred and sixty-five 

Aiw. 364635. 

13. America was discovered in 1492. How many years 
from that time to the year 18449 

Ans, 352 years. 
14.' If a man receive 11345 dollars, and payout of it 
9203 dollars, how much will he have remaining ? 

Ans. 2142 dollars. 

15. In 1842 the Onondaga Salt Springs yielded 2291903 
bushels of salt, and in 1826 they yielded 827505 bushels. 
How many more bushels were produced in 1842 than 
in 1826 ? 

Ans. 1464398 bushels. 

16. In 1842 the United States shipped to England 
205154 barrels of flour, to Scotland 3830 barrels. How 
many more barrels were sent to England than to Scotland? 

Ans. 201324 barrels. 

17. Two men start together from the same place, and 
travel in the same direction ; one goes 63 miles each day, 
and the other goes 37 miles. How far apart will they be 
at the end of the first day ? 

Ans. 26 miles. 

18. George Washington was bom in the year 1732; he 
died in the year 1799. To what age did he live? 

Ans. 67 years. 



«fJBTRACTIOM 



85 



19. At an election 12572 votes asre taken, of which the 
successful candidate received 7391. How many votes did 
the other candidate receive ? 

^fi^. 5181 votes. 

20. And what was the first one's majority ? 

^ Ans. 2210 votes. 

21. The coinage of the United States mint for 1843 
was in value 1 1967830 dollars, and in 1846 it was 6633965 
dollars. How much greater in value was the coinage in 
1843 than in 1846?. 

Ans. 5333865 dollars. 

22. The total number of pieces coined in 1843 was 
114640582, and in 1844 it was 9051834. How many 
more pieces were coined in 1843 than in 1844? 

Ans. 105588748 pieces. 

23. In the year 1846j the value of the gold coin pro- 
duced at the mint was 4034177 dollars ; the value of the 
silver coin was 2558580 dollars ; and the copper coin was 
41208 dollars. How much greater was the value of the 
gold than the silver, and how much greater the copper? 
Also, how much did the silver exceed the copper ? 

r Gold exceeded silver by 1 475597 dollars. 
Ans. J « " copper" 3992969 " 

L Silver « "- " 2517372 « 

24. In 1835, the number of post offices in the United 
States was 10770; extent of post roads 112774 miles; in 
1845, the number of offices -^as 14183; and extent of 
roads 143940 miles. How many offices were added during 
these 10 years, and how many additional miles of road 

w^re added? 

. 3413 post offices. 
Ans. 



'■\ 



31166 miles of road. 
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25. tn 1840 the population of New York was 2428921, 
and in 1830 it was 1913006. What was the increase 
during this 10 years? Ans. 515915. 

(jfUESTIONS INVOLVING ADDITION AND SUBTRACTION. 

1. A lets B have 60 bushels of wheat, worth 70 dollars, 
a fine horse worth 150 dollars, and 37 dollars' worth of 
butter. B in turn grives A his note for 110 dollars, and 
the rest in cash. What is the amount of cash ? 

Ans. 147 dollars. 

2. A borrows of B, at one time, 375 dollars ; at a second 
time he borrows 95 dollars, and at a third time he borrows 
413 dollars; he has paid him 319 dollars. How much 
does he still owe him ? Ans. 564 dollars. 

3. A person left a fortune of 10573 dollars to be divided 
between two sons and one daughter ; the first son received 
4309 dollars, the other son had 4987 dollars. How much 
did the daughter receive ? 

Ans. 1277 dollars. 

4. Two persons are 375 miles apart ; they travel towards 
each other ; at the end of one day, one has travelled 93 
miles, and the other 57 miles. How far apart are they? 

Ans. 225 miles. 

5. A farmer sold a span of horses for 150 dollars, a cow 
for 27 dollars, some cheese for 83 dollars, and 7 tons of 
hay for 56 dollars. He purchased 10 yards of broad- 
cloth worth 45 dollars, a cook stove for 23 dollars, and a 
pleasure carriage for 80 dollars. How much money will 
he have left? Ans. 168 ddllars. 

6. In the year 1840, the coinage of the United States 
mint was as follows: 1675302 dollars of gold, 1726703 
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doUaxs of silver, and 24627 dollars of copper. In the year 

^ 1841 the gold coin amounted to 1091597, the silver to 

f 1132750, and the copper to 15973. How much was the 

] whole value for each year ? How much greater was the 

I whole cokiage in 1840 than in 184 H In each year, how 

much greater was the value of the silver than that of the 

gold and copper respectively ? 

In 1840 total value was $3426632. 

a 1841 « « « 2240320. 

« 1 840 exceeded 1 84 1 by 11 863 12. 

silver exceeded gold by 5 1 40 1 . 



Ans. < 



io*"^ u a copper" 1702076. 
« 1041 ^ silver exceeded gold by 41153. 
i « " copper" 1116777. 



MULTIPLICATION OF SIMPLE NUMBER»^•' 

14l« Multiplication teaches to repeat one of two num- 
bers as many times as there are units in the other. 
The number to be repeated is called the multiplicand. 
The number denoting how many times the multiplicand 
is to be repeated, is called the multiplier. 
Both multiplicand and multiplier are called /oc^of^.* 
The result obtained is called the product, . ; >>. 
The s3niibol for multiplication is x ; this wrlp'^ be- 
tween two numbers, indicates that they are to be mul- 
tiplied together. Thus, 3x7 denotes that 3 is to be 
repeated 7 times, or, which is the same thing, 7 is to be 

repeated 3 times 

- ■ 

• Fh>m a Latin woid, meaninff tomakt; Neaoie, maItipU«d togttlMr, tiMf 
tlMprodiMt. 4 
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By the assistance of this sjrmbol, we may foiin the 
following 



fifULTIPUCATION TABLE.* 



2X0= 


4X0= 


6x0= 


8X0= 


2X1= 2 


4X1= 4 


6X1= 6 


8X1= 8 


2X2= 4 


4X2= 8 


6x2 = 12 


8x2=16 


2x3= 6 


4X3 = 12 


6x3 = 18 


8X3=24 


2X4= 8 


4x4=16 


6x4=24 


8X4=32 


2X5 = 10 


4X5=20 


6X5=30 


8X5=40 


2X6=12 


4x6z=24 


6x6=36 


8X6=48 


2x7=14 


4X7=28 


6x7z=42 


8X7=56 


2X8=16 


4X8 = 32 


6x8=48 


8x8=64 


2x9 = 18 


4x9=36 


6x9=54 


8x9=72 


3x0= 


5X0= 


7x0= 


9X0= 


3x1- 3 


5X1= 5 


7X1= 7 


9X1= 9 


3x2= 6 


5x2 = 10 


7x2 = 14 


9x2=18 


3x3= 9 


5x3 = 15 


7x3=21 


9X3=27 


3x4 = 12 


5x4—20 


7x4=28 


9x4=36 


3X5 = 15 


5x5=25 


7x5=-35 


9x5zz45 


3x6=18 


5x6=30 


7x6=42 


9x6=54 


3x7-21 


5x7=35 


7x7=49 


9x7=63 


3x8=24 


5x8=40 


7x8=56 


9x8=72 


3X9=27 


5x9=45 


7x9=63 


9x9=81 



The foregoing table should be committed to memory by 
the pupil. 



* This table uses no factor consistingf of more than one digit. I am aware that 
many tables of this kind are extended as far as 13 times 13, and others aa &r as SB 
times 35, and even further; but I see no good reason why it should terminate at IS 
times 13, any mora than 13 times 13. I have therafore thought it better to limit it to 
times 9, this being as far as it can extend by using but one digit as a factor. Btitt I 
have no objection to pupihi committing to memory the products of as large ftetoit 
M thej may wish. 



-MULTIPLICATION. ^ 

IS* The pupil must also hear in mind that the muU 
ttplier and multiplicand may be interchanged without altering 
the product. Thus : 



4x8=8x4=32 
9x7=7x9=63 



4x6=6x4=24 
3x5=5x3 = 15. 



What does multiplication teach 1 The Dumber to be repeated ii called whati 
The number denoting how many times the multiplicand is to be repeated ii called 
wfaatl What are the multiplicand and multiplier sometimes called 1 The result 
obtiioed is called what ? What is the symbol for multiplication 1 Can the multi- 
plier and multiplicand exchange places without altering the product 1 

When the multiplicand consists of more than one figure, 
and the multiplier has but one figure, we proceed as fol- 
lows : 

Multiply 697 by 3. 

Place the multiplier un- 
der the multiplicand, units 
under units. First, mul- 
tiply the 7 units by the 
3 units; we obtain 21 units, 
or 2 tens and 1 unit. Write 
the 1 under the unit col- 
umn, and the 2 under the 
tens' column. Next, mul- 
tiply the 9 tens by the 3, 
and we have 27 tens ; 
equal to 2 hundred and 7 
tens. Write the 7 tens under the tens' column, and the 
2 imder the hundreds' column. Finally, multiply the 6 
hundreds by the 3 and we have 18 hundreds, which is the 
same as 1 thousand and 8 hundreds. Write down the 8 
under the himdreds' column and carry the 1 to the thou- 
sands' place ; that is, write down the whole 18. 



• 




OPERATION. 


00 










tJ 


• 
QQ 








s 


t3 








od 


P 








s 


-s 


• 

09 


CO 




5 


C 





• ri 


• 


^ 


P 


O 







H 


s 


H 


D 






6 


9 


7 
3 


multiplicand 
multiplier. 






2 


1 


units. 




2 


7 




tens. 


1 


8 






hundreds. 


2 





9 


1 


product. 
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We then add these partial products, and obtain 2091 
for the total product. 

By recalling to mind (Art. lO,) that ten in the plaee . 

of units are equal to one in the place of tens, ten in the - 

tens' place are equal to one in the hundreds' place, &a, | 

we may perform the above multiplication as follows : i 



First, multipljing 7 of the mul- 
tiplicand by 3 the multiplier, we 
dbtain 21 units, which are the 



OPERATION. 

G97 multiplicand. 
3 multiplier. 



2091 product. 



same as 2 tens and 1 unit. Hence 
we write down the 1 under the 
units* column, and reserve the 2 to 
carry to the tens'. Next, multiplying the 9 by 3, we find 
27 tens, to which, adding the 2 tens reservedj we have 29 
tens, which are equal to 2 hundreds and 9 tens. Write 
down the 9 under the tens' column, and reserve the 2 to 
carry to the hundreds. Finally, multipljdng the 6 by 3, we 
have 18 hundreds ; to which add the 2 hundreds reserved, 
and we have 20 hundreds, the whole of which we write 
down, obtaining 2093 for the product. 

Again, let it be required to multiply 367 by 84. Here 
the multiplier consists of more than one figure. 

Place the multiplier under the 
multiplicand, units under units, 
and tens under tens. 

Multiplying first by the 4 
units, we find 1468 for the 
product. We are next to mul- 
tiply by the 8 tens. Now, it is 
obvious that 1 unit, taken ten 
times, that is, multiplied by 1 



OPERATION. 

367 multiplKMUld. 
84 multiplier 

1468 
2936 

30828 product 
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ten, must produce 10 units or 1 ten. So 7 units, (as in the 
example,) multiplied by 8 tens,, must produce 56 tens, or 
5 hundreds sind 6 tens. Therefore, set the first figure, 6 
of this second product under the tens* column and reserve 
the 5 to carry to the hundreds. The next step is the mul- 
tiplication of tens by tens, which must produce hundreds, 
since 1 ten. taken 1 ten times, is equal to 1 hundred. There- 
fore 8 tens times 6 tens are 48 hundreds ; to which add the 
5 hundreds reserved, and we obtain 53 hundreds ; equal to 5 
thousands and 3 hundreds. Place the 3 under the hun- 
dreds' column, and carry the 5 to the next column, and so 
proceed throughout. The sum of these partial products 
will give the total product, 30828. 

If the multiplier consists of three figures, its left-hand 
or hundreds figure, multiplied into the units of the multi- 
plicand, will give hundreds for the first figure of the 
^product, which must of course be set down imder the 
hundreds' column ; hundreds and tens, multiplied together, 
will give thousands; hundreds and hundreds multiplied 
together will give ten thousands, &c. 

If the multiplier consists of four figures, its left-hand or 
thousands' figure multiplied into units, will give thousands 
for the first figure of the product, which must be set down 
under the thousands' column. Thousands multiplied into 
tens, gives tens of thousands ; into hundreds, gives hun- 
dreds of thousands ; and so on. 

It would be necessary to annex ciphers to the figures 
in these several products, to show their true places, if these 
places were not determined by the position of the figures 
with relation to other figures, whose places are known. 

16* If we again take the first example, which is to 

4* 
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multiply 697 by 3, we remark thai sinee 697 is to 
peated 3 times, it may be done by writing it down 3 
and then adding, thus : 

697 
697 
697 



2091 



And it is obvious that all questions of .multiplicatio 
be performed by addition. 

Hence, multiplication is sometimes defined as being 
eise way of performing several additions, 

NoTB. — When a zero or ocean in the multiplier, we may obaerve the 
dact must remain 0, since nothing repeated any number of times is still notl 



PROOF OF MULTIPLICATION. 

IT. If we interchange the multiplier and multip 
and then multiply, we shall obtain the same produc 
work is right. (See Art. !«!•) 

As in addition, these two results may be aUke, ai 
the work may be wrong, since mistakes may occur i 
operations. As good proof as any, is to carefully 
the multiplication. 

When is multiplied by any number, what is the result? How is mult 
sometimes defined. How may multiplication be proved? Is this method i 
Why not? What is as good proof as any other? 

CASE L 

18* When the multiplier consists of only one fi| 



MULTIPLICATION. 



4a 



From what has already been done, we deduce thk 



RULE. 

Place the multiplier under the unit figure of the multi' 
pHeand. Draw a horizontal line underneath. 

Then multiply each figure of the multiplicand by the mul- 
tiplier, observing to carry one for every ten^ as in addition, 

Wben ttw multiplier eonsisU of but one figme, bow do you {voeeedl Wbat rale 
do joa obierve in cairying ? 



(1.) 

1234 
2 

2468 

(4.) 
897654 
5 

4488270 



EXAMPLES. 

(2.) 

234156 
3 



(7.) 
6531023456 

8 

62248187648 



(3.) 

612378 
4 



702468 


2449512 


(5.) 

1003456 
6 


(6.) 

205670678 
7 


6020736 


1439694746 


(8.) 

891030756078 
9 


8019276804702 



CASE n. 



19* When the multiplier consists of more than 
figure. 
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RULE. 

/. Place the multtplier under the multiplicand, so that 
units may stand under units, tens under tens, hundreds 
under hundreds, 6fc. 

II. Multiply successively by each figure of the multiplieri 
as in Case /., observing to place the right-hand figure ofeaek 
partial product directly under the figure multiplied by. 

III. Then add together these partial products, ani ik 
sum will be the total product sought. 

When Um multiplier coniistt of more than one figure) how do yoa write itt Hoir 
do yoa then multiply 1 How do you add up 7 

EXAMPLfi& 



(1.) 

23474 
23 

70422 
46948 

539902 



(2.) 

4567031 
147 

31969217 
18268124 
4567031 



(3.) 

4005604 
123 

12016812 
8011208 
4005604 



671353557 492689292 



4. Multiply 12345 by 12. 

5. Multiply 23456 by 11. 

6. Multiply 34567 by 13. 

7. Multiply 780056 by 21. 

8. Multiply 6503456 by 234. 

9. Multiply 3471032 by 70056. Ans. 243166617792. 
10. Multiply 1240578 by 302014. 

Ans. 374671924092. 



Ans, 148140. 

Ans. 258016. 

Ans. 449371. 

Ans. 16381176. 

Ans. 1521808704. 
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11. Multiply 235678 by 753465. 

Ans. 177575124270. 

12. Multiply 98610275 by 35789. 
irj Ans, 3529163131975. 

CASE m. 

30« When the multiplier, or multiplicand, or both, 
hare one or more ciphers at the right. 

We know from what has been said, (Art. 4,) that 
multiplying by 10 is the same as annexing a cipher to the 
right of the figure or sum to be multiphed ; multiplying by 
100 is the same as annexing two ciphers to the right of 
the figure or sum, to be multiplied, &c. 

Hence we deduce this 

RULE. 

Multiply by the significant figures^(as in Case. I L) and to 
the product annex as many ciphers as there are in both mul- 
tiplier and multiplicand. 

When there are ciphen at the right of the maltiplier, or multiplicand, or both, how 
A) yoo proceed 1 



EXAMPLES 

1. Multiply 365 by 10. Ans. 3650 

2. Multiply 12040 by 100. Ans, 1204000. 

3. Multiply 204500 by 3000. * Ans. 613500000. 

4. Multiply 7003000 by 240000. 

Ans. 1680720000000. 
6. Multiply 307210000 by 3780000. 

Ans. 1161253800000000. 



\ 
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2L Multiply 374 by 24 = 4 X 6 = 3 X 8 = 2 X 12 = 
2x3x4. 



nUT OPEEATION. SECOND OPERATION. 

374 374 

4 1st component part. 3 1st component part. 



1496 1122 

6 2d component part. 8 2d component part. 

Ans. 8976 Arts. 8976 



IHIRD OPERATION. FOURTH OPERATION. 

374 374 

2 1st component part. 2 1st component part. 

748 748 

12 2d component part. 3 2d component part. 



1496 2244 

748 4 3d component part. 

Ans. 8976 Ans. 8976 



From the above examples, we see that it makes no dif- 
ference how we resolve the multiplier into factors, provided 
we multiply in succession by all the factors. 

Hliat i« a eompcsite number? What are the component parts 1 How do you 
proceed when the multiplier is a composite number 1 Does it make any difference 
wliieh component part we first multiply by 1 

3. Multiply 345678 by36 = 6x6 = 4 X 9 = 3 X 12 =» 
3x3x4. Ans. 12444408. 
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4. Multiply 1002456 by 72 = 8 x 9 = 2 x 3 x 3 x4 -^ 
= 2x2x2x3x3. Ans. 72176832. r" 

5. Multiply 7540102 by 84 = 7 x 12 = 3 X 4 X 7 =2 
X 2 X 3 X 7. Ans. 633368568. ^ 






EXERCISES IN MULTIPLICATION. 

1. Suppose I buy 15 loads of bricks, each load contain- 
ing 1250 bricks, how many bricks have I ? 

Ans. 18750 bricks. 

2. In an orchard there are 107 apple-trees, each produ 
cing 19 bushels of apples. How many bushels does the 
whole orchard yield ? Ans. 2033 bushels. 

3. If a person travel 17 days at the rate of 37 miles 
each day, how many miles will he travel in all ? 

^^ . Ans. 629 miles. 

4. If a person buy 175 barrels of salt, each weighing 
304 pounds, how many pounds in all will he have ? 

Ans. 53200 pounds. 
6. Suppose I purchase the following bill of merchandise: 
3 Firkins of butter, each 1 5 dollars. 
7 Hogsheads of molasses, each 23 dollars. 
12 Bags of coffee, each 1 1 dollars. 
5 Boxes of raisins, each 2 dollars. 
3 Boxes of lemons, each 5 dollars. 
How many dollars must I give for the whole ? 

Ans. 363 dollars. 
6. How many dollars will the following- bill of goods 
amount to ? 

52 Yards of black broadcloth, at 4 dollars per yard. 
40 Yards of Brussels carpeting, at 2 dollars per yard. 
2 Sofas, each 5G dollars. 
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9 Mahogany chairs, each 5 dollars. 
5 French hedsteads, each 7 dollars. 

Ans. 480 dollars. 

7. If the railroad extending between Albany and Buf- 
fab, a distance of 326 miles, cost 25649 dollars per mile, 
what was the entire cost? Ans. 8361574 dollars. 

8. How many bushels of potatoes may be produced 
6om 13 acres of land, if each acre produces 212 bushels? 

Ans. 2756 bushels. 

9. How much must be paid for constructing 18 miles of 
plank-road, at 4211 dollars per mile? Ans. 75798 dollars. 

10. How much will 543 cords of wood cost, at 5 dollars 
per cord? Ans. 2715 dollars. 

11. In one year there are 8766 hours, how many hours 
in 1848 years ? Ans. 16199568 hours. 

12. In one cubic foot there are 1728 cubic inches, how 
many cubic inches in 17 cords of wood, each cord con- 
taining 128 cubic feet? Ans. 3760128 cubic inches. 

13. What will 13 square miles- of land cost, at 17 dol- 
lars per acre, there being 640 acres in one mile ? 

Ans. 141440 dollars. 

14. How many miles will a steam locomotive pass in 
7 days of 24 hours each, if it move at the rate of 45 miles 
each hour ? Ans. 7560 miles. 

15. If the earth move in its orbit 68000 miles per hour, 
how far will it move in 365 days of 24 hours each ? 

Ans. 595680000 miles. 

16. If one mile of railroad require 1 16 tons of iron, worth 
53 dollars per ton, what will be the cost of sufficient iron 
to construct a road of 78 miles in length ? 

Ans. 479544 dollars. 

17. In an orchard of 105 apple trees the average pro^ 

5 
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duce of each tree is 7 barrels of finiit, worth 3 dollars pe 
barrel. What was the income of the orchard 1 

Ans. 2205 dollars. 



DIVISION OP SIMPLE NUMBERS. 

3S« Division teaches the method of finding how manj 
times one number is contained in another. 

The number to be divided is called the dividend. 

The number by which we divide is called the divisor. 

The number of times which the dividend contains the 
divisor is called the quotient. 

Besides these three parts there is sometimes a remain- 
der, which is of the same name as the dividend, since it is 
a part of it. 

The sign usually employed to indicate division is — . 
Thus, 12-1-3, denotes that 12 is to be divided by 3. 

By using this sign we may form the following 

DIVISION TABLl^. 



2 

4 
6 
8. 
10 
12 
14 
16 
18 



2 = 1 
2=2 
2=3 
2=4 
2 = 5 
2 = 6 
2 = 7 
2=8 
2=9 



3-h3: 
6-5-3; 

9-^3 

12-3: 

15^3 

l8-f-3: 

21-^3 

24-^3: 
27^3; 



:l 

2 

:3 

:4 

5 

:6 
:7 
:8 
:9 



4- 
8- 
12 
16 
20 
24- 
28- 
32 
36 



4=1 
4=2 
4=3 
4=4 
4=5 
4=6 
4=7 
4=8 
4=9 



5 
10 
15 
20 
25 
30 
35 
40 
45 



5 

'5: 
5; 
5: 
5: 
v5: 
5: 
5 
5: 



:1 
2 

3 

:4 
:5 
:6 
:7 
:8 
:9 



I 
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DIVISION TABLE.-(C%>n/m«erf.) 



6-^6 — 1 


7-4-7=1 


8-r-8=l 


9-^9 = 1 


12H-6— 2 


14-T-7=2 


16^8=2 


18h-9=2 


18-^6—3 


21^7z=3 


24-4-8=3 


27-^9=3 


24-j-6=4 


28-4-7=4 


32^8=4 


36h-9=4 


30h-6=5 


35^7=5 


40^8=5 


45-T-9=5 


36-^6=z6 


42-h7=6 


48-f-8=6 


54-1-9=6 


42-^6=7 


49h-7=7 


56 -,-8=7 


63-9=7 


48-r-6=8 


56-i-7=8 


64-f-8=8 


72-4-9 = 8 


54-^6=9 


63-7=9 

• 


72-7-8=9 


81-4-9=9 



33 • Division may also be represented by placing the 
divisor under the dividend, with a short horizontal line be- 
tween them ; thus, ^ denotes that 10 is to be divided by 2. 

In the same way we have 
¥=12^2; Y=13-4-3; V^=17-f-5; ^=53-4-7. 

This method is employed, when in division there is a 
remainder, to express accurately the value of the quo- 
tient. 

What does division teach ? What is the oamber to be divided called 1 What is 
the number by which we divide called? What is the number of times which the 
dividend contains the divisor called ? There is sometimes another part, what is it 1 
Of what nanoe is the remainder 1 What is the symbol of division 1 By what other 
■nstfaod iM division denoted 1 

When the divisor consists of only one figure, we proceed 
as follows : 

Divide 973 by 7. 

Having placed the divisor at the 
left of the dividend, keeping them 
separate by means of a curved line, 
we draw a straight horizontal line 
underneath. 



OPERATION. 



7)973 



139 quotient. 



52 
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We then say, 7 is contained in 9, 1 time and 2 re- 
mainder ; we write the 1 underneath. As the 9 occupies 
the hundreds' place, the 2 remainder must be 2 himdreds. 
The next figure, 7, to be divided, is tens, to which we add 
the 2 hundreds, or 20 tens, making 27 tens ; which result 
is obtained by prefixing the 2 to the 7. Next, we see how 
many times 7 is contained in 27, which is 3 times and 6 
remainder ; we place the 3 for the next figure of the 
quotient, and conceive the 6 to be prefixed to -the next 
figure of the dividend, making 63 ; which is the same as 
adding 6 tens or 60 units to the 3 units. Finally, we find 

7 is contained in 63, 9 times. 

Thus 7 is contained 139 times in 973. Hence, 139 
repeated 7 times must equal 973. 

34. Suppose we wish to know how many times 8 is 
contained in 32. We might proceed as follows : since 32 
is greater than 8, we know that 8 is contained in it, at 
least once ; therefore, subtracting 8 from 32, we find 24 for 
a remainder. Again, we know that 8 is contained at least 
once in 24 ; therefore, subtracting 8 from 24, we have 16, 
from which, subtracting 8, we have left 8 ; finally, from 

8 subtracting 8, we have no remainder." Hence, we per- 
ceive that 8 has been subtracted 4 times from 32, that 
is, 8 is contained just four times in 32. It is obvious that 
by continued subtractions any operation in division may 
be performed. 

For this reason division is said to be a concise voay of per- 
forming several subtractions. 

CASE I. 

3tS» Short t)i vision is the method of operation when 
the divisor consists of only one figure. 
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From the preceding operation we infer the following 

RULE. 

I. Place the divisor at the left of the dividend, keeping 
them separate by a curved line, and draw a straight line 
vndemeath the dividend, 

II. Seek how many times the divisor is contained in the 
left-hand figure or figures of the dividend, and place the 
result directly beneath, for the first figure of the quotient, 

III. If there is no remainder, divide the next figure of the 
dividend for the next figure of the quotient. But when there 
is a remainder, conceive it to be prefixed to the next succeed- 
ing figure of the dividend before making the next division. 
If a figure of the dividend, which is required to be divided, 
is less than the divisor, we must write in the quotient, and 
consider that figure as a remainder. 

Dirition is laid to be a concise way of performing whati What is Short Division 1 
Repeat tin rule. 

« 

EXAMPLES. 

i. Divide 2345675 by 8. 

OPERATION. 

• Divisor 8)2345675 dividend. 

Gluotient 293209 with 3 remainder. 



36 • When there is a remainder, we may place it over 
the divisor, with a short horizontal line between them, thus 
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indicating that this remainder is still to be divided by the: 
divisor, agreeably to Art. S3. 



2. Divide 1 5^456789 by 4. 

3. Divide 7890034'3 by 7. 

4. Divide 131305678 by 6. 

5. Divide 357020348 by 3. 



Ans. 3114197i. 

Ans. 11271478. 

Ans. 21884279f. 

Ans. 119006782^. 



CASE n. 

87. Long Division is the method of operation when 
the divisor consists of more than one figm*e. 

EXAMPLES. 

1. Divide 4703598 by 354. 
It, requires 3 figures, 
470, of the dividend to 



OPERATION. 
DinSOR. DlVIDKNI). QuotiKHT. 

354)4703598(13287 
354 first product. 

1163 

1062 second product.' 



contain the divisor 354. 
This is contained once in 
470; we place the 1 at 
the right of the dividend 
for the first figure of the 
quotient, keeping it sep- 
arate from the dividend 
by a curved line. Mul- 
tiplying the divisor by 
this quotient figure, and 
subtracting the product 
from 470, we have 116 for a remainder, to which we 
annex the next figure, 3, of the dividend, thus forming the 
number 1163. We now seek how many times the divisor 
is contained in 1 163, which is 3 times. We place the 3 for 
a second figure of the quotient. Multiplying the divisor 



1015 
708 third product. 

3079 

2832 f ourth product 

247a 

2478 fifth product. 



I 
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Vfihis second figure, and subtracting the product from 
1163, we find 101 for a second remainder; to which an- 
nexing 5, the next figure of the dividend, we have 1015. 
•Thus we proceed till all the figures of the dividend have 
been brougbt down. 
Fram the above work we readily deduce the following 

.RULE. 

/. Place the divisor at the left of the dividend, keeping 
them separate by a curced line, 

IL Seek how many times the divisor is contai$ied in the 

fewest figures of the dividend that will contain it ; set the 

figwe expressing the number of times at tJic right of the 

iivOendfor the first figure of the quotient, keeping dividend 

and' quotient separgte by means of a curved line, 

III. Multiply the divisor by this quotient figure, and sub^ 
tract the product from those figures of the dividend used, and 
to the remainder annex the next figure of the dividend; then 
find how many times the divisor is contained in this new 
number^ and write- the result in the quotient, 

IV, Again, multiply the divisor by this last quotient 

figure, and subtract the product from the last number which 

was divided, and to the remainder annex the next figure of 

the dividend. Thus continue the operation until all the 

figures of the dividend have been brought down. 

Note 1, — Having brought down, a new figure, if the number 
thus formed be less than the divisor, it will contain it times ; we 
therefore write in the quotient, and bring down another figure. 

Note 2. — If in multiplying the divisor by any quotient figure we 
obtain a product which exceeds the number we sought to divide, 
we must make the quotient figure smaller. 

Note 3. — ICa remainder should be Ibund larger than the divisor, 
Che quotient figure must be taken laiger. 
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98. If, now. taking the preceding example, we tkvi 
tiplj the divisOT by the quotient, we shall have this 

OPERATION. 

354 
13287 



2478 first product. 

2832 second product. 

708 third product. 

1062 fourth product. 

354 fifth product. 

4703598 



Here we discover that the products obtained by this 
multiplication, are the same as those obtained in the oper- 
ation of division, only they occur in a reverse order. In 
the operation of division, each succeeding product is placed 
one figure farther towards the right, while in the operation 
of multiplication, each succeeding product is placed one 
figure farther towards the left. Hence the sum of the 
products in the case of division, must be the same as the 
sum in the case of multiplication. In the Operation of di- 
vision, by the above rule, these products are successively 
subtracted from the corresponding parts of the dividend, 
until the whole is exhausted. Now we have just shown 
by the operation of multiplication, that the sum of these 
products, taken in the order in which they stand, is equal 
to the dividend. Therefore the above rule for Long Dwision 
must be correct. 

PROOF. 

From what has been said, we also infer that this method 
of long division proves itself as ^e ^to^^od-mllLtJbftiirork, 



Sp.jj^-i 
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«nce we have only to add the successive products, aud 
the remainder, if any, to obtain the dividend. 

Whtt is Lonf DiTbion ? How do you place the oumben 1 Repeat the rule. If 
after haring brought down a new figure, the result is less than the divisor, bow do yov 
pneesd? When the partial product is greater than the number which was supposed 
to eootain the divisor, how do you do 1 When the remainder is greater than the di- 
ynn, bow do yon proceed 1 Explain the method of proof. 

2. Divide 175678 by 223. 



OPERATION. 

223)175678(787 

1561 first product. • 

1957 

1784 second product. 

1738 

1561 third product 

177 remainder. 



If we take the sum of the successive products and the 
remainder, adding them as they now stand in the above 
work, we shall obtain 1 75678 ; which, agreeing with the 
dividend, proves the accuracy of the division. This method 
of proving division is perhaps as simple and brief as any 
method which can be devised. 

The common method of proving Division, and one which 
is applicable to Short Division as well as to Long Division, 
is to multiply the divisor and quotient together, and to add 
in the remainder, if any. 

od ! 3. Divide 7892343 by 139. Ans, 56779 M- 

K j 4 I>fVKfe 177575124270 by 753465. Ans. ^"^^^1^, 
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5. Divide 34789205 by 64534. Ans. 539 AW- 

6. Divide 123456789 by 7^9. Ans. 156472ffi. 

7. Divide 5763447 by 678509. Ans. SfHiH- 

8. Divide 1521808704 by 6503456. Ans. 234 

9. Divide 243166625648 by 3471032.. 

Ans, 70056 with 7856 remainder. 

10. Divide 166168212890625 by 12890625.* 

Ans. 12890625. 

11. Divide 11963109376 by 109376. Ans. 109376- 

CASE ni. 

39. When the divisor is a composite number. 

We have seen (Art. JW,) that, in multiplication, when 
the multiplier is a composite number, the product may be 
found by multiplying by the factors successively. 

Now, as division is the reverse process of multiplication, 
it is plain that when the divisor is a composite number, 
the quotient may be found by dividing by the factors 
successively. 

Divide 944 by 105=3 x 5 x 7. 

In this division, we 
find the different re- 
mainders in succession. 

Let us now seek the 
true remainder, or that 
remainder which would 
.have been found, had 
we at once divided the 944 by 1 05. 

Since each unit of the 62 is 5 times as great as eacl; 



OPERATION. 

1st factor 3)944 

$}d factor 5 )314 2= 1st rem. 

3d factor 7)62 4=2d rem. 

quotient 8 6=3d rem. 



* This qoMtioD and ito toeoeeding one aie w<»thj of notice^ aiiKM the ticmina 
/OMr of die diyUuaif diWaor, tnd ^intiMit, u* ' 
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miit of 314, it follows, that each unit of the 3d remainder, 
6^ which is a part of 62, is also 5 times as great as each 
unit of 314. Hence the remainder 6 is the same as 5 
times 6, or 30, units of the same kind as those of 3 1 4 ; but 
thie 2d remainder 4, being a part of 314, and of the same 
order, should be added to 30, making 34, for the true 
remainder arising from dividing 314- by 35 or 5x7. 
Again, since each unit of 314 is 3 times as great as each 
unit of 944, it follows, that each unit of the 34 is also 3 
times as great as each unit of 944. Hence the remainder 
34 is the same as 3 times 34=102 units of the same 
kind as 944 ; but the 1st remainder, 2, being a part of 944, 
is of the same order; so that l02-f-2r=l04, is the true 
remainder required. 

From the foregoing operation and reasoning, we deduce 
the following 

RULE, 

Divide the given sum by one of the factors of the divisor^ 
^nd that quotient by another factor, and so on^ until all the 
factors have been used. The last quotient wdl be the quo* 
tient smtghi. It mttkes no difference in what order the fac- 
tors are used. 

To obtain the true remainder, we must observe the fol- 
lowing 

RULE. 

Multiply the last remainder by the divisor preceding the 
Uutj and add in the preceding remainder ; multiply this sum 
by the next preceding divisor, and add in the next preceding 
remainder ; 99 continue this reverse process until you hone 
multipiied by aU ike imsors except thit lost* 



th) 
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whiek &ctar ve fint diTide by 1 WIhb then ue wvoal 

liM 



1. Divide 839 by 120. 

We will resolve 120 into 
the thiee factors, 4 x 5 x 6= 
120. Noiir, proceding agree- 
ably 'to the rule, we have 
the annexed operation. 



OFERATION. 

4)839 

5)209 3=:firBt ran. 

6)41 4=8econd rem. 

6 5=third rem. 



Now, to obtain the true remainder, we have this 



OPE&ATIOR. 
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5x5+4=29. 
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Again, 29x4+3= 119. 



Had there been more than three factors, the operation 
would have been equally simple, but a little more lengthy. 
2. Divide 8217 by 35=5 x 7. Ans. 234 with 27 rem. 
8. Divide 33678 by 15=3 x 5. Ans. 2245 with 3 rem. 

4. Divide 9591 by 72=8x9. Ans, 133 with 15 rem. 

5. Divide 10859 by 49=7 x7. Ans, 221 with 30 rem. 
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CASE IV. 

80. When the divisor ends with one or more ciphers. 

We have seen (Ab,t. 4,) that a number is muhiplied 
by 10 by annexing a cipher ; it is multiplied by 100 by 
annexing two ciphers ; by 1000 by annexing three ciphers, 
&c. Conversely, a number is divided by 10 by cutting oft 
one figure from the right ; it is divided by 100 by cutting 
off two figures from the right, &c. 

EXAMPLES. 



OPERATION. 

2|0)247|5 



123 15 remainder. 



1. Divide 2475 by 20. 
Having cut oflf the 5 from 

the right of the dividend, and 

the from the right of the 

divisor, which is, in eflfect, 

dividing both dividend and 

divisor by 1 0, we proceed to divide 247 by 2, (Art. 9S.) 

We obtain 123 for a quotient and 1 for a remainder. 
This remainder is 1 ten, since it is a part of the 7 of the 
dividend which occupies the ten's place; annexing the 
5 units, which was cut oflf, to the - 1 ten which re- 
mained, we have 1 ten and 5 units, or 15 for the true 
remainder. 

Note. This case may be comprised mider Case III., Art. 39. 
Thus, taking the preceding example, the divisor 20=2x10. 
Dividing 2475 first by 10, which division is effected by cutting 
off the righ^band figore, 5, we have 247 for the first quotient, and 
5 for the first remainder. Next, dividing 247 by 2, we find 123 for 
the quotient sought, and 1 for the second remainder. 

Now, by the rule mider the case referred to, we find the true re- 

jMbOario be 1 x 10-9-6=^15, 

6 
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OPERATION. 



37|00)45678|94(15 
37 

~86 

11 
127 
111 

148 
2094= rem. 



2. Divide 4567894 by 3700. 
If, in this second example, we 

regard the divisor 3700 as a 
composite number, whose fac- 
tors are 100 X 37 =3700, the ex- 
ample will also properlj come 
under Case III; according to 
which, the 94 cut off from the 
right of the dividend is to be 
considered the first remainder^ 
and the 20 is the hist remainder. 
Hence, the true remainder is 20 x 100+94=2094. 
From the above operations we deduce this 

RULE. 

Cut off from the right of the dividend as many figure^ 
there are ciphers at the rioht of the divisor ; divide t 
remains by the divisor without the ciphers at its right, 
the final remainder annex the figures cut off from the i 
dendjfor the true remainder. 

Bow do yoa proceed when there are ciphers at the right of the divisor 1 

3. Divide 7123545 by 421000. Ans 16 and 387545 i 

4. Divide 1212121212 by 42000. 

Ans. 28860 and 1212 ] 

5. Divide 123456789l3y 12300. Ans. 10037 and 1689: 

6. Three men are to share equally in the sum of 1 
dollars. How many dollars will each have ? Ans. 4 1 2 d 

7. Divide 1245 acres of land equally between 
brothers. Ans. Each has 249 a< 

8. It is about 95000000 miles from here to the 
Now, admitting that it requires 8 minutes for light to ; 
finom the sun to the earth, how many miles does it pat 
ae minute 7 Ans. \\%1^^^^ \? 



QUESTIONS IN TUB FOUU UUOUND RULES. (33 

9. Allowing 22 bricks to be sufficient to make one 
cubic foot of masonry, how many cubic feet are there in 
a work which requires 100000 bricks? 

Ans. 4545 cubic feet and 10 brick remaining 

10. The circumference of the earth is about 25000 miles. 
How long would it require for a person to travel around it, 
if he could pass uninterruptedly at the rate of 200 miles 
per day? ^w^. 125 days. 

11. In 1845 the extent of post-roads in the United States 
was 143940 miles, and the amount paid for the transport- 
ation of the mail during the same year was 2905504 dol- 
lars. How much was the average expense per mile ? 

Ans. Between 20 and 21 dollars. 

12. The distance of Uranus from the sun is about 
1860624000 miles. How many hours would it require to 
pass this distance at 18 miles per hour? Also, how many 
days, and how many years, counting 24 hours to the day, 
and 365 days to the year ? 

{It would require 103368000 hours. 
« « « 4307000 days. 

«* « " 11800 years. 

13. How many barrels of apples, at 3 dollars per barrel, 
can I buy for 2568 dollars ? And if one tree produce 8 
barrels, how many trees will be required to yield the re- 
quired amount ? a S ^^^ barrels. 

107 trees. 

SI* QUESTIONS DEVOLVING THE POUB GROUND RULES. 

1. A person owes to one man 375 dollars, to another he 
owes 708 dollars, to a third man he owes 911 dollars. How 
machdd^heowdtothethreemen? Ans. 1994 dollars. 
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2. A farmer has sheep in five fields ; in the first, he has 
917 ; in the second, 249 ; in the third, 413 ; in the fourth, 
1000 ; and in the fifth, he has 197. How many sheep has 
he in the five fields ? Ans. 2776 sheep. 

3. A person owes to one man 302 dollars, to another 
man he owes 707 dollars, and has owing to him 2000 dol- 
lars. How much will remain after pajdng his dehts 7 

Ans. 991 dollars. 

4. A farmer receives for his wheat 103 dollars, for his 
com 60 dollars, for his butter 511 dollars, for his cheese 
1212 dollars* for his pork 601 dollars. He pays towards 
a new farm 1000 dollars-, for a new wagon 50 dollars, for 
hired help on his farm 290 dollars, for repairing house 173 
dollars. How much money has he remaining ? 

Ans, 974 dollars. 

5. A person wills 1200 dollars to his wife, 300 dollars 
for charitable purposes, and what remains is to be equally 
divided among 6 children. Allowing his property to 
amount to 8562 dollars, how much would each child have? 

Ans, 1177 dollars. 

6. A man gave 13558 dollars for a farm ; he then sold 73 
acres, at 75 dollars per acre ; the remainder stood him in 
at 59 dollars per acre. How many acres did he purchase? 

Ans. 210 acres. 

7. Four boys divide 336 apples as follows: the first 
takes one sixth of the whole ; the second takes one fourth 
of what was left ; the third takes one half of what was 
then left ; the fourth has the remaipder. What number 
^f apples did each boy have ? f The first had 66. 

^^ J The second had 70» 






tThe third had 105. 
The fourth had 105. 
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8. An estate of 8100 dollars was divided among 9 chil- 
dren in the following way: the first had 100 dollars and 
one tenth of the remainder ; after this the second had 200 
dollars and one tenth of the residue ; again, the third had 
300 dollars and one tenth of the remainder, and so on ; 
each succeeding child had 100 dollars more than the one 
immediately preceding, and then one tenth of what still 
remained. What was the share of each ? 



. i They shared equal ; each 
' '^*' i had 900 dollars. 



9. A and B each owe C: A owes 1472 dollars, which 
is less than what B 9wes him, and yet the difference be- 
tween A's and B's debts is 719 dollars. How much does 
Bowe C? Ans. 2191 dollars. 

10. Admitting the earth to move 68000 miles per hour, 
how far will it move in one day ; and how far in a year 
of 365 days? ^^ ( 1632000 miles in one day. 

\ 595680000 miles in one year. 

11. If the President of the United States expends daily 
60 dollars, how much wiH he be able to save at the end 
of the 365, out of his salary of 25000 dollars ? 

Ans. 3100 dollars. 

12. An army, consisting of 4525 men, have 103075 
loaves of bread. At the end of 21 days, 500 men are killed 
in a battle. Now, if each man in each day eat one loaf 
of bread, how many days after the battle will the bread 
sustain the army ? Ans, 2 days. 

13. Two locomotives start from the same place, and 
move in the same direction ; the first goes 25 miles each 
hour, the second only 15 miles. After the first has passed 
a distance of 100 miles it commences a backward motion, 
maintaining the same velocity, imtil it meets the second . 

6* 
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locomotive. How many hours after starting will they 
meet ? And at what distance will they meet from the - 
starting point? . . < They will meet in 5 hours, 

( at a distance of 75 miles. 
14. One hundred miles of railroad track are to be laid 
with heavy rail, requiring 116 tons to the mile. Afta 
receiving iron at 52 dollars per ton to lay 58 miles, the 
price per ton was increased so as to make the whole cost 
of the entilre road 612944 dollars. What was the latter 
price per ton of the iron? Ans. 54 dollars. 



FRACTIONS. 



3^, A fraction is a part of a unit. 

Several methods are used to express fractions or parts 
of units, which give rise to several distinct kinds of frac- 
tions. Those usually employed in arithmetic are Vulgar 
or Common Fractions, and Decimal Fractions. 

•^*»»' >• a fraction 7 What two nethods are usually employed to expren fraetioM "i 



VULGAR FRACTIONS. 

term , ^^^^ fractions consist. of two distinct parts or 

hotiz * 1 ^^^ ''written above the other, with a straight 

Yhe n ^- ® between them, as in division, (Art. 28,) 

Umber*^ ^ ^^ove the line is called the numerator. The 

^low the line is called the denominator. The 



■->.- 
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snominator shows how many parts the unit is divided 
kto ; and the numerator shows how many parts are used. 

Thus -f is a vulgar fraction, whose numerator is 5 and 
lenominator 8 : it is tedAjive eighths. 

A vulgar fraction may be considered a concise method 
)C expressing division, (Ab,t. 93,) where the numerator 
corresponds to the dividend, and the denominator to the 
divisor. Thus -f is the same as 5 divided by 8, and it 
may therefore be read one eighth of five^ or, as above, five 
tighths of one. In the same way \ indicates that 1 is 
divided into 9 equal parts : it is read one ninth of one. 
After the same manner, 

• 

'\ is read one seventh of three^ or three sevenths of one, 
f is read one fifth of four , or four fifths of one, 
fi is read one eleventh of six, or six elevenths of one. 
f is read one ninth of eight, or eight ninths of one, 
&c. &c. &c. 

The fraction -f denotes that 5 is to be divided by 7. 
« j^ « 13 a. 4^ 

« jyi « 17 u 8. 

12. 

2. 

3. 

4. 

5. 
&c. 

When the numerator is equal to the denominator, the 
ralue of the fraction is a unit. 

When the numerator is less than the denominator, the 
rftlue is less than a imit, and the expression is called a 
W9per jracHfm, 
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' of expressing 1 In a vnlgar fraction, which part corresponds to the dtridend, and 
to the divisor 7 What is the valdb of the fraction, when the numerator is equal 
l^fte denominator 1 When is the value less than a unit 1 What is the fraction then 
1 1 U'hen is the value greater than a unit? What is the fraction then called 1 

sezamples of proper fractions. Give examples of improper fractions. When a 

I number and fraction are connected, what is the expression called 1 ■ Give ex 

When several fractions are connected by the word o/, what kind of a frac- 

is it then called 1 Give examples. When the numerator, or denominator, or 

are already fractional, what are they called 1 Give examples. When is a frac- 

I said to be inverted 1 Give examples. 



REDUCTION OF FRACTIONS. 

34. In division, the divisor, dividend and quotient are 
BO related, that the product of the divisor and quotient is 
okoays equal to the dividend. Hence, the divisor and quo- 
tient may be interchanged ; that is, if the dividend be 
divided by the quotient, the result will be the divisor. It 
is also obvious, that, with the same divisor, twice as great 
a dividend will give twice as great a quotient ; thrice as 
g^reat a dividend will give thrice as great a quotient ; and 
in general, the effect of multi^ying the dividend by any 
lumber is to multiply the quotient by the same number. 
On the other hand, if the dividend remain the same, mul- 
iplying the divisor by any number produces the same 
jfFect as dividing the quotient by the same number. Con- 
lequently, if we multiply both dividend and divisor by the 
lame number, it will produce no change in the quotient. 

Again, it is obvious, that with the same divisor, half as 
p^at a dividend will give but half as great a quotient; 
me-third as great a dividend will giv^ o:.e third as great 
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a quotient; and in general, the effect of dividing tlLm 
dividend by any number, is to divide the quotient by the 
samp number. On the other hand, if the dividend remaSn 
the same, dividing the divisor by any number produces the 
same effect as multiplying the quotient by the same numr 
ber. Consequently, if we divide both dividend and divifltf 
by the same number, it will produce no change in thft 
quotient. 

If, now. we call to mind that the value of a fraction iB 
the quotient arising from dividing the numerator by th6 
denominator, we readily infer the following 

PROPOSITIONS. 

r. That, multiplying the numerator by any number is the 
same as multiplying the value of the fraction by the sam» 
number. 

II. That, multiplying the denominator by any number is 
the Same as divvling the value of the fraction by the same 
number. 

I^^' That, multiplying both numerator and denomin^jttor 
by any number does not alter the value of the fraction. 

IV. That, dividing the numerator by any number is the 
same as dividing the value of the fraction by the same number, 

V. That, dividing the denominator by any number is the 

same as multiplying the value of the fraction by the same 
number. 

yl' That, dividing both numerator and denominator by 
the same number does not alter the value of the fraction. 

GREATEST COMMON DIVISOR. 

^« Ihe greatest common divisor of two or more 

«,-!3? ^^' ^ ^^® greatest number which will divide them 
without a«,, • , 
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Before proceeding to find the greatest common divisor of 
two numbers, we will show that any number which will 
divide two numbers exactly, will also divide their difference. 
Suppose we have a common divisor of 636 and 276 ; 
this will also exactly divide 360, their difference. For, 
636 is made up of the two parts 276 and 360, so that any 
Dumber which will exactly divide 636, will also divide 
276+360 ; if a divisor of 636 will at the same time divide 
one of its parts. 27^. it will of necessity divide the othor 
part, 360. Hence a common divisor of 636 and 276 fs 
also a divisor of their difference, 360. 

As the divisor which is common to 636 and 276, is also 
a divisor of 360, it must be a common divisor of 360 and 
276, and consequently of 84, the difference between 360 
ancl 276 ; .-xnd in general, when any two numbers have a 
common divisor, aiicl we subtract any number of times the 
smaller number from the larger, the retnainder will be 
exactly divisible by this common divisor. 

What, now, is the greatest common divisor of 360 and 
276. 
The greatest divisor cannot exceed the less number, 276. 
, But 276 will not divide the other number, 360, without a 
remainder, 84. Hence, the greatest divisor of 276 and 84 
must be the greatest common divisor of 360 and 276. 
Again, dividing 276 by 84, we find 3, quotient, and 24, 
remainder. So the greatest common divisor of 84 and 24 
is also the greatest common divisor of 276 and 84, and 
consequently of 360 and 276. Now, dividing 84 by 24, 
we find the quotient 3, and remainder 12. Finally, divi- 
ding 24 by 1 2, we find it is contained exactly twice ; so 
that the greatest common divisor of 24 and 12 is 12 : con- 
sequently, 1 2 is the greatest common divisor of 360 and 
276. We will exhibit in one point of view the above. 
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OPERATION. 



276)360(1 
276 



84)276(3 
252 



24)84(3 
72 



12)24(2 
24 







Hence, to find the ^eatest common divigor of two num- 
bers, we deduce this 



RULE. 

Divide the greater riumher hy the less, then the less number 
by the remainder ; thus continue to divide the last divisor by 
the last remainder, until there is no remainder. The last 
divisor will be the greatest common divisor. 

Note. — When there are more than two numbers whose greatest 
common divisor is required, we must find the greatest common di- 
visor of any two, and then find the greatest common divisor of this 
divisor thus found, and one of the remaining numbers ; and thus 
continue until all the different numbers have been used. 



What ii the ^^watett common divisor of two or more nnmhers 1 Repeat the rale 
fat finding the greatest common divisor of two numhers. How do yoo proceed when 
are more than two numbers 1 
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1. Fmd the greatest common diviaor of 592 and 999 



OFE&ATION. 



592)999(1 
592 



407)592(1 
407 



185)407(2 
370 



37)185(5 
185 





From which we obtain 37 for the greatest common 
divisor of 592 and 999. 

2. What is ihe greatest common divisor of 492, 744, 
and 906? 

We first find the greatest common divisor of 492 and 
744 bj the following 

OPERATION. 

492)744(1 
492 



262H92(1 
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Therefore, the greatest common divisor of 492 and 7iM 
is 12. 

Again, proceeding with 12 and 906, we have the fol- 
lowing 

OPERATION. 

12)906(75 
900 



6)12(2 
12 



We thus find 6 to be the greatest common divisor of ISS 
and 906, and consequently of the three numbers, 492, 744, 
and 906. 

3. What is the greatest common divisor of 315 and 
405? Ans. 45. 

4. What is the greatest common divisor of 1 825 and 
2655? Ans. 5. 

5. What is the greatest common divisor of 506 and 
308? Ans. 22. 

6. What is the greatest common divisor of 404 and 
364? Ans. 4. 

7. What is the greatest common divisor of 246, 372, 
and 522 ? Ans. 6. 

36. We are now prepared to proceed to the reduction 
of fractions. 

We know (Prop. VI., Art. 34) that we can divide 
both numerator and denominator of a fraction bj any num- 
ber without altering its value. If we divide by the great- 
est common divisor, the resulting fraction will be in its 
lowest terms. 



REDUCTION OF FRACTIONS. 75 

Therefore, to reduce a fraction to its lowest terms, we 
have this 

RULE. 

Divide both numerator and denominator by their greatest 
common divisor. 

How do you rednee a fraction to iti lowert tenns 1 



EXAMPLES. 

1. Reduce -J-f^ to its lowest terms. 

We have already found (Ex. 1, Art. 9S,) the greatest 
common divisor of 592 and 999 to be 37. Dividing both 
these terms by 37, we find 16 and 27 for quotients : hence, 
iff, when reduced to its lowest terms, becomes -J^. 

2. Reduce -iHI- to its lowest terms. Ans. -J-. 

3. Reduce f%, fih, i*sft, to their lowest terms. 

Ans. i, +, i- 

4. Reduce -J^ to its lowest terms. Ans. -f. 
6. Reduce jVft to its lowest terms. Ans. ft. 

6. Reduce -f^ to its lowest terms. Ans. -f. 

7. Reduce tI+b" to its lowest terms. Ans. rir- 

8. Reduce ^H^ to its lowest terms. Ans. iV- 

9. Reduce -fHlf to its lowest terms. Ans. -ft- 

10. Reduce tflSl to its lowest terms. Ans. f. 

■ 

We may frequently discover numbers, by inspection, 
which will divide both numerator and denominator without 
a remainder. When this is the case, we need not resort 
to the rule for obtaining the greatest common divisor, 
until we have divided by such numbers. 
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11*. Reduce fi^H to its lowest terms. 

In this example, we first divide the numerator and de- 
nominator by 4, which reduces the fraction to if}} . W^ 
again divide by 4. and obtain ^||-. Dividing the numera- 
tor and denominator of this last fraction by 4, we obtain 
iVff, which is still further reduced by dividing three suc- 
cessive times by 3. 

^4 ^4 -4-4 -4-3 -T-3 ^3. 

12. Reduce m to its lowest terms. 

-1-2 -1-3 -4-3 -4-3 -4-3. 

13. Reduce m to its lowest terms. Ans, f. 

14. Reduce tgg} to its lowest terms. Ans, -H* 

15. Reduce ||}|8 to its lowest terms. Ans. tV- 

16. Reduce f ^ f j {j 3 to its lowest terms. Ans. f. 

37* To reduce an improper fraction to a whole or mix- 
ed number. 

Reduce -ff to a mixed number. 

Since the value of a fraction is the quotient arising 
from dividing the numerator by the denominator, (Art. 
•4,) we may find the value of -fl? by dividing 95 by 13. 
Performing the division, we find 7 for the quotient, and 4 
for a remainder. Hence ^z=7-^. (Art. 36«) 

From which we have the following 

• 

RULE. 

• 
Divide the numerator hy the denominator ; the quotient will 

be the integral part of the mixed number. The remainder 

h$ing placed over the denominator of the improper frattion^ 

wMfirm the fractional part, 

9^pmt.A9 nil0 far mdndng »b l»fN|i«t (hk^itlM t« % mind nambtr. 
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EXABIPLES. 

1. Reduce.-f-J- to a mixed number. 4^ns. 2f. 

2. Reduce ^, -ff > to mixed numbers. Ans. 1 1^, 71-. 

3. Reduce -y-, -^-j to mixed numbers. Ans, 8-J, 8f . 

4. Reduce ^-f^ to a mixed number. Ans. 18^. 

5. Reduce -Hfi^ to a mixed number. Ans. 8 1 iff. 

6. Reduce -^f^ to a mixed number. Ans. 34-^. 

7. Reduce -W^ to a mixed number. Ans. 32tVt- 

8. Reduce -HS"^ to a mixed number. Ans. 38-H- 

9. Reduce ^sVuV to a mixed number. Ans. lO-J-J-Jf. 
88. To reduce a mixed number to an improper fraction. 
Reduce the mixed number 37f to an improper fraction. 

If we multiply the fractional part, |-, by 8, the product 
will be 3. (Art. 34.) Multiplying 37 by 8 we obtain 
296, to which adding 3, we find 299 for 8 times 37^. 
Hence 37f is equal to 299 divided by 8, that is, to -H^. 
Hence, we have this 

RULE. 

^Multiply the integral pari of the mixed number by the de^ 
nominator of the fractional part ; to the product add the 
numerator of the fracf tonal part ; the sum will be the numera- 
tor of the improper fraction ; under which place the denomi- 
nator of the fractional part. 

This rule is obviously correct, since it is the reverse of 
the rule, (Art. 37,) where a reverse operation was re- 
quired to be performed. 

EXAMPLES. 

1. Reduce 4^- to an improper fraction. Ans. f. 

2. Reduce 3^^, 7f , to improper fractions. Ans. -y^, ^. 

3. Reduce 8-)-, 7jt, to improper fractions. Ans. ^, -^ 

7# 
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4. Reduce 81-ff-J to an improper fraction. Ans. -* 



5. Reduce 37^ to an improper fraction. Ans. ^f f*. 

6. Reduce 3f^ to an improper fraction. * Ans. Va'i*' 

7. Reduce 7-Hr to an improper fraction. Ans. -V^. 

8. Reduce 365^ to an improper fraction. 

Ans. ^-W^- 

9. Reduce 1234-|f to an improper fraction. 

Ans. -a^V^. 
10. Reduce 77-i^ to an improper fraction. Ans. ^f^. 

39. Let us endeavor to reduce the compound frac- 
tion -J- of -ft- to an equivalent simple fraction. 

•} of -ft- can be obtained by dividing the value of the 

fraction -ft- by 4, which (by Prop. II., Art. 34r,) can be 

effected by multiplying the denominator by 4 ; therefore, 

7 
i of T^r equals- — -. 

4x11 

Again, ^ of -ft- is obviously three times as great as •}■ 

of "i^ ; therefore, to obtain f of -ft-, we must multiply 

7 
by 3, which (by Prop. I., Art. 34,) can be done by 

4x11 

multiplying the numerator by 3 ; hence "^ye have -J of -ft-s: 
3x7 21 

4xll""44' 

Therefore, to reduce compound fractions to their equiva- 
lent simple ones, we have this 

RULE. ' 

Consider the tjoord of, which connects the fractional parts, 
as equivalent to the sign of multiplication. Then multiply 
all the numerators together for a new 7iumerator, and all 
the denominators together for a new denominator ; always 
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nbtennng to reject or cancel such factors as arc e&mnum tc 
the numerators and denominators, which is the same as di- 
tiding both numerator and denominator by the same numbers^ 
and which {by Prop. VI, Aet. 34,) does not change the 
value of the resuJtmg fraction. 

l^eut 4he Role Ibr redneiof a componnd fraction to a timple on*. 

EXAMPLES. 

1. Reduce -i^ of -J- of iV <>^ i^ ^o its equivalent simple 
firactioiL 

Substituting the sign of multiplication for the word of 
we get ixix-jVx-ft-. First, cancelling the 8 of the 
numerator against the 2 and 4 of th« denominator, hy 
drawing a line across them, we get 



1 3 $ ^ 5 
-X-X — X— . 
^ ^ 15 12 

Again, cancelling the 3 and 5 of the numerator against 

the 15 of the denominator, we finally obtain 

-x-x~x-^=— . 

t 4 X$ 12 12 
2. Reduce f of iJ- of -J of ^ of i^ to its simplest form. 
First, cancelling the 7 and 5 of the numerator against 
the 35 of the denominator, we get 

3 14 ;? 4 $ 

-X— x-x-x~. 

7 $$ 8 9 n 

Again, cancelling the 7 of the denominator against 
the same factor of the 14 of the numerator, and the 3 of 
the n'imerator against the same factor of the 9 of the de- 
nominator, we obtain 

2 

$ X^ i 4: $ 

r-x — x-x-x— 

t H B t 11. 
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Finally, cancelling the 2 and 4 of the numerator ag^ainil 
the 8 of the denominator, we get 

$ X4. f 4 $ _l 

t $$ $ $ n 33- 

3 

Note. — We have writtea our fractions several times, in oider 
the more clearly to exhibit the process of cancelling. Bat in prac- 
tice, it will not be necessary to write the fractions more than once. 
It will make no difference which of the factors is first cancelled. 
When all the common factors have in this way been stricken out, 
the fraction will then appear in its lowest terms. 

• 

3. Reduce f of f of -^ of -f to its simplest f(»nn. 

4. Reduce f of -f of f of -f to its simplest form. 

Ans. -j^f 

5. Reduce f of +f of +j- of f of ++ to its simplest forai. 

Ans. i\. 

6. Reduce •)- of 2^ of 3-1^ of 6 to its simplest form. 

Ans. 25. 

7. Reduce ^ of f of f of ^ to its simplest form. 

Ans. iV. 

8. Reduce -J of f of -^ of -H- of ^ to ite simplest form. 

Ans. iV. 

9. Reduce ■}■ of -J- of -H of -J of f of 4J- to its simplest 
form. Ans. -ftr- 

10. Reduce i of f of f of f of f of f of i of f (rf -A to 
its simplest form. Ans. -f^. 

4I0« To reduce fra«tions to a common denominator 
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. We krow (Art. 34, Prop. III.,) that the value of a 
fraction is not changed by multiplying both numerator 
and denominator by the same number. If, then, we mul- 
tiply the numerator and denominator of each fraction by 
the product of the denominators of all the other fractions, 
we shall retain the values of the respective fractions, and 
at the same time they will have a common denominator. 

Let it be required to reduce -J-, -J of -J, t^, and -f of f , to 
equivalent tractions having a common denominator. 

These fractions, when reduced to their simplest form, 
become -J-, -f, -ft-, and ■}. 

For first fraction, i. 

Multiply the numerator and denominator, each by 3 x 
11X9, the product of the denominators of the other frac- 
tions, and we find 

1x3x11x9 =297 for new numerator. 
2x3x11 X 9=594 " " " denominator. 
For second fraction, ■}. 

Multiply the numerator and denominator, each by 2 x 
11x9, the product of the denominators of the other frac- 
tions, and we find 

2x2x11 X 9=396 for new numerator. 
3x2x11x9 =594 " " denominator. 

For third fraction, -ft-. 

Multiply the numerator and denominator, each by 2 X 
3x9, the product of the denominators of the other frac- 
tions, and we find 

. 3 X 2 X 3 X 9 = 162 for new numerator. 
11x2x3x9= 594 « " denominator. 

For fourth fraction, f . 

Multiply the numerator and denominator, each by 2x 
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3x11, the product of the deoominators of the other fii0> r. 
tioua, and we dnd 

2x '2x3x11 = 132 for new numerator. 
9x2x3x11=594 * ^ denominator. 

Hence the fractions become fff, m. -H^f, and -Jff. 

It will be seen that each numerator is multiplied bj the 
product of all the denominators except its own. It will 
also be seen that in obtaining each new denominator, th^ 
factors are the same, namely, all the denominators. 

Hence the following 

RULE. 

Reduce mixed numbers to improper fractions, and eam^ 
pound fractions to their simplest form. Then multiply each 
numerator by all the denominators except its own for a new 
numerator, and all the denominators together frtr a common 
denominator. 

Repeat this Rale. 

EXAMPLES. 

1. Reduce -J, -J-, \ to equivalent fractions having a com- 
mon denominator. Ans. i^, iVr? iW- 

2. Reduce -J-, ^, -J-, to equivalent fractions having a 
common denominator., Ans, ^, ift-, -fj, 

3. Reduce f , % ^^ f , to equivalent fractions having a 
common denominator. Ans. i|f , ff*, fff , fff. 

4. Reduce i of ■}, 4}, 5^, to equivalent fractions having 
a common denominator. Ans. -ft) 4i, "H- 

6. Reduce f of f of 5, 7^, 5i, to equivalent fractions 

having a common denominator. Ans. -f^, -\V^, Jyyt. 

41* In most cases fractions maj be reduced to equiv 

nt ones having a smaller common denominator than is 

m by the above rule. Before showing how to find the 



IU» 
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least common denominator of {rsLCtionSy it becomes necessary 
to show how to find 

THE LEAST COMMON MULTIPLE. 

A midtiple of several numbers is such a number as can 
be divided by each of them without a remainder. Thus, 
12, 24, 36, 48, &c., are muhiples of 2, 3, 4, and G, since 
each of them is divisible by 2, 3, 4, and 6. Any set of 
numbers may have an infinite number of multiples. In 
practice it is the least common multiple which is usually 
sought. In the above example, 12 is the least common 
multiple of 2, 3, 4, and 6. 

Let us seek the least common multiple of two numbers, 
as for example, of 4 and 18. Separating these numbers 
into their smallest component parts, (Art. 21,) they be- 
come 4=2x2; 18=2x3x3. If we multiply 2x2=4 
by 2x3x3 = 18, we shall obtain 2x2x2x3x3, which 
is obviously a common multiple of 4 and 18, since the 
factors of these nimibers are found in this expression. 
But it is not the least common multiple of 4 and 18, since 
one of the 2's, which is a common factor of 4 and 18, 
may be omitted, and the result, 2x2x3x3, will still 
contain all the different factors of 4 and 18, Hence, 
when two numbers have no common divisor, their least 
common multiple may be found by taking their product. 
When they have a common divisor, their least common 
multiple may be found by dividing their product by their 
greatest common divisor ; or, by dividing one of the num- 
bers by their greatest common divisor, and multiplying the 
quotient by the other number ; or, by dividing each num- 
ber by their greatest common divisor, and multiplying the 
pnduct of the quotients by this greatest common divisor. 
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It is the last method that we find most co];iyeinent to 
employ. 

The least common multiple of more than two numbers 
may be found, by first finding the least common multiple 
of any two of the numbers, and then finding the least 
common multiple of that multiple, and another of the 
given numbers, and so on, until all the different numbeis 
have been used. 

We wiU now seek the least common multiple of 10, 18 
and 21. 

The greatest common divisor of 10 and 18 is 2. Dividing 
10 and 18 by 2, we find 5 and 9 for the quotients ; hence 
the least common multiple of 10 and 18 is 2x5 x9. We 
now seek the least common multiple of 2x5x9 and 21. 
The greatest common divisor of these two numbers is 3, it 
being a divisor of9andof21. 

Dividing by 3, we have 2x5x3 and 7 for the quotients. 
Hence the least common multiple of 2x5x9=90 and 
21, is 3 X 2 X 5 X 3 X 7=630, which is also the least com- 
mon multiple of 10, 18 and 21. 

If we place the numbers 10, 
18 and 21 in a horizontal line, 
and divide the 10 and 18 by 2, 
and bring down the 21, we 
shall obtain a second line con- 
sisting of 5, 9, and 21. Di- 
viding the 9 and 21 of this 
second line by 3, we obtain a third line consisting of 5, 3, 
and 7, no two of which have a common divisor. Now, 
multipljdng the divisors 2 and 3 by the product of the 
numbers in the last horizontal lin«, we have 630, the leas^ 
oonunon multiple sought. 



2 
3 



10, 18, 21 
5, 9, 21 



5, 3, 7 
2x3x5x3x7=630. 
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Hence the least common multiple of any set of numben 
ay be found bj the following 

RULE. 

Write the numbers in a harizantal Une ; divide them by 
the least number which will divide two or more of them with- 
mU a remainder ; place the quotients with the undivided 
ntanhers, if any, for a second horizontal line ; proceed with 
this second line as with the first ; and so continue until there 
are no two numbers which can be exactly divided by the same 
divisor. The continued product of the divisors^ and of the 
numbers in the last horizontal line, unil give the least common 
multiple. 

Note. — ^When there is no namber which will divide two of the 
gi?en nombers, their continued product must be taken for the least 
common multiple^ 

What is a multiple of wveral nnmben 1 Menttoa M>in6 of the maltiples of S, 3, 4, 
■ad S. Are the number of mnltiplei of any let of nnmben limited 1 Repeat the Rule 
fcr findliag the leaat eommoo mnltiple of any wt of numben. When there is no num- 
ber which will divide two of the fiven numbers, how is the least mnltiple found 1 

EXABCPLEa 

1. What is the least common multiple of 12, 16, and 24 % 

OPERATION. 
2 

2 
2 

3 



8 



12, 


16, 24. 


6, 


8, 12. 


3, 


4, 6. 


3, 


2, 3. 


1, 


2, 1. 
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Hence, 2x2x2x3x2=48 is the least common mul- 
tiple. 
2. What is the least common multiple of 12, 15, 24! 



OPERATION. 



2 


12, 


15, 24. 


2 


6, 


15, 12. 


3 


3, 


15, 6. 




h 


5, 2. 



Therefore, 2 x 2 x 3 x 5 x 2= 120 is the multiple sought. 

3. What is the least common multiple of 11, 77, 88? 

Ans. 616. 

4. What is the least common multiple of 37, 41 ? 

Ans. 1517. 

5. What is the least common multiple of 24, 60, 45, 
180? Ans. 360. 

6. What is the least common multiple of 2, 4, 6, 8 ? 

Ans, 24. 

7. What is the least common multiple of 3, 5, 7, 9 ? 

Ans. 315. 

8. What is the least common multiple of 2, 3, 4, 5, 6, 7, 
8, 9 ? Ans. 2520. 

9. What is the least common multiple of 7, 14, 16, 18, 
24? Ans. 1008. 

10. What is the least common multiple of 1, 2, 3, 4, 5, 
6, 7, 8, 9, 1 n Ans. 27720. 

43* We are now prepared to reduce fractions to their 
least common denominator. 
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Let it be required to reduce to the least common de- 
nominator the fractions -fy, t^, and -fj-. 

If we take the least common multiple of the denomina- 
tors 12, 16, and 24, which is 48, and divide it in turn by 
these denominators, we shall obtain the respective quo- 
tients 4, 3, and 2. Hence, if we multiply the numerator 
and denominator of each fraction by 4, 3 and 2 respect- 
ively, they will become f J, -J^ and -f}. These fractions 
are equivalent to the original ones, and have their least 
common denominator. Hence fractions may be reduced 
to their least common denominator by the following 

RULE. 

Reduce the fractions to their simplest form ; then find the 
kast common multiple ojiheir denominators^ (hy Rule under 
Art. 41,) which will he their least common denominator. 
Divide this denominator by the respective denominators of 
the given fractions ; multiply the quotients thus obtained by 
the respective numerators^ and the several products will be 
the new numerators. 

B«iMit the Role for redacing fractioni to their least common denominator. 

EXAMPLES. 

1. Reduce -A, -ft-, -H, to equivalent fractions having the 
least common denominator. 

The least common multiple of the denominators 12, 15, 
24, is 120= common denominator. 

New numerator of first fraction -W^X 5=50. 

New numerator of second fraction i|^-x 7=56. 

New numerator of third fraction -V^^-xUssSS. 
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Hence, the fractions, when reduced to their least 4xyih 
mon denominator, become 

50 56 66 

TTTTJ Tlir> TJS' 

2. Reduce jt of ^ of tV, A? tV> to equivalent fractioDi 
having the least common denominator. 

Ans. -nnr, Tirir) Tinr' 

3. Reduce 3i, 4-J, % to equivalent fractions having the 
least common denominator. Ans. -W^, -*^^, -ff. 

4. Reduce -f, tV, "H, to equivalent fractions having the 
least common denominator. Ans. -H^, t^, -^. 

5. Reduce -^, -ft-, 6^, to equivalent fractions having 
the least common denominator. Ans. -^j-, -J^, y^y. 

6. Reduce -J-, -f , 3-}, and ^, to equivalent fractions having 
the least common denominator. Ans. -fj-, -f-J, -W"? il' 

7. Reduce tV, i, +, ifr, to equivalent fractions having the 
least common denominator. ^s. ^ftV) -sVo? -AmT) -sVjr- 

8. Reduce -J, f, -J-, -f-, -^j to equivalent fractions having 
the least common denominator. Ans. -H, f -g-, -f-J, f-J, -ff. 

9. Reduce -f, -}, -J, f , -ftr, tJitj ^o equivalent fractions 
having the least common denominator. 

Ans. T^ff, -^, -ftV, +n, +M, tK. 
10. Reduce -j^, -J^, -J^, i, ^, -f, +, ■}, to equivalent fractioiui 
having the least common denominator. 

Ans. UU, iftSftr, AWr, W^jWW, i«V&, AWr, iVft. 



ADDITION OF FRACTIONS. 

43. Suppose we wish to add -f- and f . We know that 
•0 long as these fractions have different denominatom, they 
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cantiot be added any more than pounds and yards can be 
added leather. We "will therefore reduce them to a com- 
mon denominator. We thus obtain 

Now, taking their sum, we obtain 

3 4_15 28_15Hh28__43_j . 
7'^5~35"*"35 35 ""35"" *' 

Hence, to add fractions, we have this 

RULE. 

Reduce the fractions to a common denominator, and take 
ike sum of their numerators, under which place the common 
denominator, and it will give the sum required. 

N(mE. — The labor will be the least When we redace the fractions 
to their least common denominaUfr. 

EXAMPLES. 

1. What is the sum of i, |, i, and f? 

These fractions, when reduced to their least common 
denominator, are -ft-, tV, A, and t\, the sum of whose 
numerators is 6+4 + 3+2=15. Hence we have 

i-t-i-Ul-l-i — 11 — 1 — li 

2. What is the sum of ^ and -^l Ans. -fy, 

3. What is the sum of -J-, tV, -A- Ans. -fff. 

4. What is the sum of i, f, -ft ? Ans. ffn 1-ft. 

5. What is the sum of -1*5, -ft, -^T Ans. ff. 

6. What is the sum of f, ft, ft, -ft ^ Ans.^=\ii. 

Note. — If any of the fractions are compound, they must first be 
reduced to simple fractions, (by Rule under Art. 30.) 

7. What is the sum of i of f of i, i of +, and i? 

8*' 
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I'hese fracCions, when reduced to their simplest fonoB^ 
are ^, -tV> ^J^d -f ; Which, when reduced to their least com? 
mon denominator, become 

■5T) "ST) TTT' 

.Hence, their sum is 

4+2+9_15___5 
24 "24~8. 

8. What is the sum of -J- of -J- of i*, -J of -}• of 6, and i 
of f of 3? Ans, 4if. - 

9. What is the sum of f of i of 8, i of f'of ^, and i 
of 16? Arts, 8i. 

10. What is the sum of i of f of f , i of -f of f , and f 
of -S? ,Ans, yV 

1 1. What is the sum of -f, -f, -f, and -f ? 

• Ans. •Wi^=2iH. 

12. What is the sum of i, 1, i, f, and -H? 

13. What is the simi of -J-, -J, f , ^V? and -^ ? 

^«^. ff=3VV. 

14. What is the sum of 3i, i of i, -J of f of -J-, and ^ly? 

15. What is the sum of i of -J, -f of f , f of f , and f of 
A"' Ans. -fJ^==2-j-Yj. 

16. What is the sum of i, +, i, i, i, +, +, i? 

17. What is the simi of 1, J, ^, J, i ? 

Ans. W=nh 

18. What is the sum of f , i, f, f ? Ans. Vif =5ff. 

19. What is the sum of i, i, i, |, i, i, ^V, tV, iV, iV ? 

20. What is the sum of i, f , f , f , f , -y^, |^, |a, i|, i| ? 

^n*. www=ii«mf 



I 



1 
i 
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SUBTRACTION OF FRACTIONS 



\ 



4:4:. Suppose we wish to subtract -f from -J-. We 
know that so long ' as these fractions have different de- 
nominators, the one cannot be subtracted from the other 
any more than pounds can be subtracted from yards. We 
therefore reduce them to a common denominator, and 
olbtun ■|-=-A' ; +=-ft'- Now, taking their difference, we 
obtain ^— ;j^=-ft— ^=-A. Hence, to subtract one frac- 
tion from another we have this 

RULE. 

Reduce the fractions to a comfnon denominator ; subtract 
ikt less numerator from the greater^ and place the common 
denominator under the difference. 

Repeat this Rale. 

EXAMPLES. 

1. From ^ subtract f i=A- i i=-A i 6—2=3. 
Thfiiefore we have ^— j=-ft-. 

^ From i subtract •}>. Ans. i. 

3. From i subtract -i-. Ans, -f. 

4. From f subtract •}-. Ans. -fy. 

5. From +}• subtract -J-. Ans. f. 

6. From -i4 subtract ■^■^. Ans. tWr* 

7. From +H- subtract H. Ans. -j^. 

8. From fH subtract -ftV- ^ns. if. 

Note. — As in Addition, if either of the fractions is componnd, it 
must first be reduced to its simplest form. 

9. From i of ^ of f subtract tV- -4nj. i. 

10. From ^ subtract i of if. Ans. ff. 

11. From i off subtract + of f . • .Ans. -fy. 

12. From H subtract 2^. Ans. l-^. 
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13. From i of f of f, subtract j of f Ans, ViV'st 

1 4. From ^ of f of i of f , subtract -J of f of f of f •« 

Ans. 2|wv^ 

15. From the sum of |, f , f, j^, subtract the sum of |,^ 

16. From the sum of i, i, -f, f, 1, -V^, jj, j», |}. ^ 
subtract the sum of J, J, |, |, |, ^, ^, ,v, tV, tV- 

Ans, la 

17. From | of 137 subtract J of 317. Ans. 47. 

18. From | of 137 subtract \ of 317. ^iw. 77. 

19. From | of 137 subtract J of 317. -Aw*. 92. 

20. From | of 137 subtract \ of 317 Ans. 101. 






MULTIPLICATION OF FRACTIONS. 

43. Multiply -J by t. - 

We knowTt Art S9,) that f multiplied by f is the 
same as f of -f-. Hence, we must use the same rule as for 
reducing compound fractions. 

Therefore, to multiply fractions, we have this 

RULE. 

Multiply all the numerators together for a new numerator^ 
and all the denominators together for a new denominator; 
always observing to reject or cancel such factors as are 
man to both numerators and denominators. 

any of the factors are whole numbers, they may be 
e to take the form of a fraction by giving to them 1 
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ifrtdenominatory (see A&t. 3S,) and then the general 
[irie will apply. 

mn B Ike Role fiir moltiplTiaf ftmetioni 1 



1. Multiply + by -J. Ans, f. 

2. Multiply i by ■}-. • Ans. i. 

3. Multiply -J by f . Ans, tV- 

4. Multiply -t by •}. Ans. -fr- 

5. Multiply -i", i, i, all together. Ans, iV- 

6. Multiply f by +f . 

In this example, we cancel the 4 of the numerator 
ag^ainst a corresponding factor of the 16 of the denomina- 
tor; and 5 of the denominator against a corresponding 
factor of the 10 in the numerator. Thus: 

2 

4 
Finally, cancelling the 2-in the numerator against the 
same factor of the 4 in the denominator, we find 

$ X^ 2 

2 
7. Multiply the fractions f , f , f 

2 2 

4 9 7 7 



94 ELEMENTARY ARITHMETIC. 

Note. — A little practice will enable the student to perfonn these 
operations of cancelliDg with great ease and rapidity. And sincej 
as was remarked under Art. 30, it is immaterial which factors are 
first cancelled, the simplicity of the work must depend much upon 
his skill and ingenuity. 

8. Multiply together the fractions 3-^, 4-^, i^. 

Expressing the multiplication, after reducing them, we 
have 

7 J^ _l_ 
2^3^14 
Cancelling the 1 of the numerator against a part of the 
14 of the denominator, we have 

;?^13^1 13 ,,'. 

2 

9. Multiply together the fractions -J-, ■}, f, -f-. Ans. i- 

10. Multiply together the fractions f, f, f , V- ^ns. f. 

11. Multiply together the fractions 3i, 4i, 5i. 

Ans. ^^=73i. 

12. Multiply together -^, ^, f Ans, '^. 

13. Multiply f by 4. • Ans, V=lf 

14. Multiply 7 by f . Ans. ^=^, 

15. Multiply 7i by 3i. Ans. -^=26+. 

16. Multiply 16i by 5, . Ans, .MM^=82i. 

17. Multiply the sum of i, +, i, ^, by the sum of i, i 

^^o. Multiply the sum of ^ of f, f of f by the sum of i 
19.* Multiply ^ of i of f of -A- by -li of f of f. 

3?^^^^^Ply the sum of 3, 3i, 3+, 3+, by the sum of 2* 
' ^ " Ans, •H«^= 127^hrt. 



I 
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DIVISION OF FRACTIONS. 

46. Let us endeavor to divide f byVf- We know that 
\ can be divided by 5, by mnltiplyiftg rae denominator by 
5, (see Prop. II., Avr. 1t^) whicli gives 

7x5 
Now, since f is but one eighth of 5, it follows that f 
divided by ^ must give a quotient eight times as great as 
f divided by 5. Therefore, -f divided by -J must give 

8 times = 

7x5 7x5 

From which we see that 4- has been multiplied by -J 

after it was inverted. 

Hence, to divide one fraction by another, we have this 

RULE. 

Reduce the fractions to their simplest form. Invert the 
dimsor, and then proceed as in multiplication. 

If either the dividend or divisor is a whole number, it 
may be converted into an improper fraction having 1 for 
its denominator. 

BepMt the Bnia for the Division of Fmetions. 

EXAMPLES. 

1. Divide +f by Tfr. 
Inverting the divisor, we have 

12 26 
— X — 

13 4 
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CTancflhng. ve cad 



3 8 






It H 


,^» 




— X— = 


=6l 


' . 


X$ 4 




« ^ 


2. Divide + bj i- 




AjW. irrli.^ 


3. Divide i by f. 




Aim. % 


4. Divide f bj i. 




' Ams. i=2i. 


5. Divide f b j ^. 




i4M V^=lf 


6. Divide iV b j H- 




^iflX. f 



7. What is the quotieiit of H divided bj IT^t 

8. What is the quotient of if dividedbj 10? Ans. -fy, 

9. Divide i of f by i of 4. ^iw. ^z=:^, 

10. Divide H of 2i by 4i- ^^iw. -W= IH 

1 1. Divide i by f of f ^iw. t= If 

12. Divide the sum of f, f, •}, f, by the sum of 1, ^, i^ 
i, i. -4iw. fif. 

13. Dividethesumof t,i,i,t, i,-V, «,«,«,«, tj 
th3 sum of 1, i, i, i, +, i, i, tV, tV, tV, tV. 

14. Divide | of f of f of i by i of f of 4 of 4. 

Ans. ■»^=3f. 

15. Divide the siun of 1, 1^, 2|, 3j^, by the sum of 1^, 

16. Divide the sum of | of f ,-^ of f, by the sum of j of 
f,ioff Ans. iH=im. 

17. Divide f of +f of ff by i of f of i. 

Ans. -WStV. 

18. Divide i of if of i by i of f of 12. 

Ans. th* 

19. Divide i of f of f of •} by i of i of 8. 

An*. iMftr- 



/ 
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RECIPROCALS OF NUMBERS. 

4T« The reciprocal cff a number is the result obtained 
\j dividing 1 bj the number. Thus, 'the reciprocals of 2, 
3, 4, and 5, are ■}, -J, i, and -J-. From this we discover 
that the reciprocal of an integer, or whole number, is equal 
to a vulgar fraction whose numerator is 1, and whose de- 
nominator is the given number. 

The reciprocal of |- is found by dividing 1 bj f , which 
(Art. 46,) is l^f =1 xi=f 

In the same way we find the reciprocal of -f to be -f , 
and in general, the reciprocal of a vulgar fraction is the 
Talue of the fraction when inverted. 

Note.— From this, we see that dividing by any number is in 
effect the same as multiplying by the reciprocal of that number. 
So diat operations of division may be included under those of mul- 
tiplication. A practical application of this principle may be seen 
voder Reduction of Denominate Fractions. (Art. SO.) 

EXAMPLES. 

1. What are the reciprocals of 7, 8, 9, 10, 11 ? 

Ans. +, i, +, tV, tV- 

2. What are the reciprocals of 18, 23, and 41 ? 

Ans. t4, a? h- 

3. What are the reciprocals of -f, f, f , f ? Ans. f , i, f, f. 

4. What are the reciprocals of li, 2-J, 3^1 Ans. i,f,T*r' 
6. What are the reciprocals of f of f , f of f ? 

Ans. tofi, f of f 

48* EXERCISES IN VULGAR FRACTIONS. 

1. Reduce -H ^^ ^^^ lowest terms. Ans, i. 

2. Reduce -fj to its lowest terms. Ans, i. 

3. Reduce -^ to its lowest terms. Ans. f . 
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4. Reduce f^ lo its lowest terms. Ans, -J. 

5. Reduce f f f J to its lowest terms. -Aiw. ^. 

6. Reduce 4tIt ^^ ^^^ lowest terms. Atw. yyif 

7. Reduce fUsl to its lowest terms Ans. yf 

8. Reduce -f^ to its lowest terms. Ans. j^j, 

9. Reduce jyyyl to its lowest terms. Ans. y*^ 

10. Reduce -Hf to a mixed number. Ans. lyjy. 

1 1. Reduce -V^ to a mixed number. Ans. 7f, 

12. Reduce -V^ to a whole number. Ans. 8. 

13. Reduce |^ to a mixed number. Ans. 3^, 

14. Reduce Vrr" ^^ ^ mixed number. Ans.^ Sf^f. 

15. Reduce -^1^*- to a mixed number. Ans, 1^*^. 

16. Reduce 3j to an improper fraction. Ans. J. 

17. Reduce 15y^ to an improper fraction. Ans. -W. 

18. Reduce Sy^i^ to an improper fraction. Ans. \f. 

19. Reduce IxJr to an improper fraction. Ans. -J-^. 

20. Reduce 100-H- to an improper fraction. -4nj. J-fp. 

21. Reduce -J- of -J of -J to its simplest form. Ans. •}-. 

22. Reduce ^ of f of -f^ to its simplest form. Ans. -t. 

23. Reduce ■} of i of -ft- of 3 to its simplest form. A ns. -ft-. 

24. Reduce iV of f of |i of 3^ to its simplest form. 

Ans. A- 

25. Reduce f of -"j^ of ■} of 100 to its simplest form. 

Ans. 200. 

26. Reduce il; i, i, to equivalent fractions having a coi 
men denominator. Ans. t^, -^, -flf. 

27. Reduce ^, i, i, i, -J-, to equivalent fractions having 
common denominator. Ans. H, -H, H, -tf, |^. 

28. Reduce 3-J^, i, ^, -ft.^ to equivalent fractions having 
common denominator. Ans. i%, -Jf, tt, t/V* 

29. Reduce -^^ i, -f? iV) to equivalent fractions haying 
common d«nominator. Ans. -fffrj tWt: tWti iW^ 
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30. Reduce ■§■, ^, -j^, -J-J-, to equivalent fractions having 
I common denominator. Ans. HH, fHf, -Hft^, ffjf • 

31. What is the sum of i, i, i? -Awj. ff = l-jV. 

32. What is the sum of f , t, f ? ^nj. -^=2^^. 

33. From a piece of cloth •)- and |- of the whole was cut 
C What part of the whole was thus taken away 7 

Ans. f, 

34. From ^ subtract ^. Ans. }. 

35. From ^^^ subtract ■^, Ans. j{^. 

36. From -J subtract -f- -An*, VV- 

37. A tree 150 feet high had | broken off in a storm. 
What was the length broken off? Ans, 30 feet. 

38. A and B together possess 1477 sheep, of which A 
owns -f and B ^. How many belong to each man ? 

^- \ ^'' lit 

i B% 633. 

39. A owns -j^ of a ship, valued at $15422; he sells 
to B f of his share. What is the value of what A has 
left ; also, what is the value of Ks part 7 

. \ A's remaining part is $1402. 
/ ^' < Fs part is $2804. 

I 40. A cotton mill is sold for $30000, of which A owns 
f i of the whole, B and C each own i of -J of the whole, 
' How many dollars does each one claim ? 

r A claims $6000. 
Ans,^ B claims $5000. 
^ C claims $5000. 
41. A and B have a melon, of which A owns -|, and B 
-f ; C oflfera them one shilling, to partake equally with them 
of the meUm, which was agreed to. How must the shilling 

■\ 



1m difidfid between A and B? .^ A must have i of it. 



B must have i of it. 
4A A Humer bad j- of his sheep \n ova fii^\ Ssw*^ 



r 
■ 1^ 



\-A X 
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second field, and the residue, which was 779, in a third field 
How many sheep had he in all ? Ans. 1230 sheep. 

43. If I divide 616 dollars between A, B, C, and D, bj 
giving A ^ of the whole, B -j^ of the remainder, C f o 
what then remained, and D the balance, how much wil 



each receive ? 

Ans."* 



fAhad 154 dollars. 



B « 165 
C « 264 
LD « 33 






DECIMAL FRACTIONS. 



4k9» A Decimal Fraction is that particular form of a 
Fraction, whose denominator consists of a unit, followed 
by one or more ciphers. 

Thus : tV, -ft, Tfir, -ftVj Tfr, -nrjnrj laV r o ? &c., an 
Decimal Fractions. 

In practice, the denominators of Decimal Fractions an 
BOt written, but always understood. 

The above Decimal Fractions are usually written a 
follows: 01, 0-3, 004, 0-37, 008, 0003, 00047, &c. 

The period, or decimal point, serves to separate th 
decimals from the whole numbers. 

The first figure on the right of the decimal point, is i: 
the place of tenths ; the second figure is in the place c 
hundredths ; the third figure in the place of thousandths 
and so on; the value of the units of the successive figure 
iecresising from the left towards the right, in a tenfol 
nth, aa in whole numbers. The following table wil 
xbibit tbia. 
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mfKU-nOIt TIBLE OF WHOLE NTKBERa 11«I> DECIMAIA 

J u * 

i nil i Al ii I 

^S I £;iE= ^t- at- DiS t. sS Sa S ^= B S 

AmBniing. .Ct tO" Ita««iiiiif- 

This table ia in accordance with the French method 
of numeration (Art. O,) -where eaqh period of three figures 
I changes its name and value. 

' Since decimala, like whole numbers, decrease from the 
left towards the right in a ten-fold ratio, they may be con- 
nected together by means of the decimal point, and then 
operated upon by precisely the same rules aa for whole 
numbers, provided we are careful to keep the decimal point 
always in the right place. 

Annexing a cipher to a decimal does not change its 

value, because it is the same as multiplying its numerator 

and denominator b/ 10. Thus : 0'3=0-30=0-300^&c 

But prefixing a cipher is the same as removing the decimal 

-figuies one place farther to .the right, and therefore each 

cipher, thus prefixed, reduces the value in a ten-fold ratio. 

Thus : 0-3 is ten times 03, or a hundred times 003, 

0-2 is read two teaths. ' 

0-25 " twenty-five hundredths. 

0-365 " three hundred and sixty-five thou- 

sandths. 
0-105 " one hundred and five thousandths. 
0-03 " three hundredths. 
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0-1234 is read one thousand two hundred and thirtj* 
^' four ten thousandths. 

4-3 " four -and -three tenths. 

3T-3 " thirty-seven and three tenths. 

865'Q3 " three hundred and sixty-five and thu^ 
. ^^ hundredths. 

6-4 is the same as 6^=ff. 

OAJL AAJL 

^"lo — 1 • 

-ftr- 

"nnr* 

tWr 

tVWV- 

Jtt- 



365 


u 


3605 


u 


0-7 


u 


0-37 


u 


0123 


u 


0-2345 


u 


00101 


a 


00012 


u 


040056 


a 


400005 


u 



1 OooOO* 

>nftjig 
rooOO* 

40TrJTnr=^SWW. 
lOlOlOl « 10lTifhr=-4- 



A number composed of a whole nimiber and a decimal 
part, is called a mixed number. 

What M a decimal fraction 1 Of what form ii the denomiBatorl GiTe examples 
of decimal fmctiom. In practice, which part ia not written, hot understood 1 What 
purpose does the decimal point serrel What place is the first fifore on the rifbt of 
the decimal point said to occapyl What place does the second fignre oeenpjl 
What place does the third figure occupy 1 In what ratio do the Tafaies d e e r ea se in 
passing to the right ? Is the above table in accordance with the French or English 
method of notation? Does annexing a cipher to a decimal alter its Taloel What 
•flisct is produced by prefixing a cipher 1 A number which is composed of a wh<de 
number and decimal is called, what) 

Let the pupil be exercised in decompounding decimals, 
as we have done in the following 
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The expression, -^U^ implies that 7468 is to be divided 
bj 1000. Performing the division by the method of Case 
IV, Art. 30, we obtain 7 for a quotient and 468* for a 
remainder. So that -Hff=7VrfW=7-468=7 uniU, 4 
tenths, 6 himdredths, 8 thousandths, or, which is the 
same thing, it equals 7+A+TfT+TAT- 
' In a similar manner we find that 

•^H*"=36458-7=36458-f.Tay. 

^^V8V^= 3645 -87 = 3645 -f A 4- rhr. 
MWJ^=364-587=364+-ft+T*Tr-t-nfrT. 
^HWW=36-4587=36+TV+T*T+TTiW+Tr^ 
n*«i=3-64587=3+A+T^-f-TA7r4-TTlTT+ 



-nnftnnT' 



TT AtT + TTtItTT- 



ADDITION OF DECIMAL FRACTIONS. 

SO. Since decimals, like whole numbers, increase from 
the right towards the. left, they may be treated by the 
same rules as for whole numbers, provided we are careful 
to keep the decimal point in the right place, so that like 
ofdem may stand under each other. Hence we have this 

RULE. 

Plae^ the numbers so that the decimal points shall be di' 
*r§eily under each other ; add as in whole numbers. In the 
amount place the point under the points in the numbers 
added. 

' do rou pimeg ih9 amab^n to be 9id0At HttW, iVie XK>ivlt in (h« aoMaiH f 
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EXAHFLEB. 



(1) 



{%) 



m 

a 
a 



OB 



43 



8 7 4 112 5 
14 12 

2 3 1 
4 10 

3 4 5 6 



13 4 6 

2 5 

10 16 

4 3 12 



3 

a 
D 

1 

2 

3 

4 

5 



CD 

43 
|1 

3 

4 
5 
6 

7 



2 
3 
4 
5 
6 



OB 

cS 

s § 3 

o c g 

4 5 6 

5 6 7 

6 7 8 

7 8 9 

8 



15 1 9-99 2 9 



17-2 8 2 9 



(3.) 


(4.) 


(5.) 


4123-245 


0-43478 


lllll 


112 


1-35001 


210001 


37 004 


11 


8-8 


0-205 


33-333 


9-808 



4161-574 



36-21779 



239-720 



6. What is the sxim of 0123, 00 12, 0-675, 0045 

Ans. 0-814 

7. What is the sum of 014145, 0-23235, 0-34 
0-45455? Ans. 1-171 

8. Find the sum of 1*0012, 231003, 101-31 
10'101678. - Ans. 135-51714 
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9. Find the sum of 23412, 23-412, 2-3412, 023412 

Ans. 260- 10732. 
10. What is the sum of 11 11 11, 121212, 13-1313, 
141414? • Ans. 150-6049. 



8UBTBACTI0N OF DECIMAL FRACTIONS. 

51, There is no diflference between the subtraction of 
decimals and that of whole numbers, provided we are 
careful to keep the decimal points directly under each 
other, so that like ftders may stand imder each 
other. Hence this 

RULE. 

Place the hss number under the greater^ so that the deci- 
fnal points shall be directly under each other ; subtract^ as 
w v)h4)le numbers. In the difference place the point under 
the points of the numbers above. 

Bow do yoa place the numben in rabtrmction ? Then how do you proceed 1 

EXAlfFLES. 

(1.) (2.) (3.) 

345-345 1245-3478 3456-12347846 

54-123 340-0122 479100345 

291-222 9053356 297702313346 

4. From 1023-4 subtract 99-9. Ans, 923-5. 

6. From 0-4785 subtract 013047. Ans. 0-34803. 
6' From 01 1234 subtract 0-00675. Ans. 01 0559. 
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MULTIPLICATION OF DECIMAL FRACTIONa" 

ffS. A tenth taken once, must give 1 tenth for a ptc- 
duct ; if taken only one-tenth of a time, the product "WiJ*- 
be one-tenth of a tenth, or one hundredth ; that is, tV>'- 
TV=TiT> or decimally expressed 01 x 01 =001. This ir . 
evidently true, since if the tenth-part of any .thing bi ; 
divided into 40 equal parts, each subdivision will be a hun- 
dredth-part of the whole. So iV of ■roT= i bh o? ^^^ •*> oQ-l- 

Multiply 01 36 by 0-78. If we supply the denommatora 
of these decimal fractions, which denominators are always 
imderstood, we shall have 

0-136=TW(r; WS^iVtr- 
Hence, multiplying iWir by t%-, (Art. 4*5,) we find 

.1 a 8, V -2La 1 3 fl X 7 8 — -10 6,0,8. — 0l0t)08 

1000 ^Too — TTroToo" — To 00 — vj i\j\j\jo. 

From which we see that the number of decimal places 
in the product, always denoted by the number of zeros in 
the denominator, which is understood, is equal to the num- 
ber of decimal places in both factors. Hence we have this 

RULE. 

Multiply as in whole numbers^ and give as many decimal 
places in the product as there are in both the factors. When 
there are not as many places in the product, prefix ciphers. 

How do you multiply decimals 1 How many decimal places must there be in the 
prodoet 1 When the whole number of figures in the product is not as great, how do 
you proceed? 

OPERATION. 
0125 

0-37 

875 
375 

0*04625 



EXAMPLES. 

1. Multiply 0-125 by 037. 



DITIfllON OP*DBCIMAL FRACTIOUS. 



lor 



In this example, the mxiltiplicand has 3 decimal places, 
and the multiplier has 2 ; therefore, by the rule, the product 
must have 5 places, and since the product consists of but 4 
figures, we prefix one cipher before making the decimal point. 



2. Multiply 0-561 by 0-78^ 

3. Multiply 3-012 by 4027. 

4. Multiply 47-051 by 37039, 

5. Multiply 33-33 by 66-66. 

6. Multiply 125- 125 by 5-5, 



Ans. 0-440946. 

Ans. 12129324. 

Ans. 1742-721989, 

Ans, 2221-7778. 

Ans, 688-1876. 



ff3« A decimal nimiber may be multiplied by 10, 100, 
1000, &>c., by removing the decimal point as many places 
to the right as there are ciphers in the multiplier ; and if 
there are not so many figures, make up the deficiency by 
annftYii^ ciphers. * 



Thus, 12*12 multiplied by «( 



10 "1 




121-2, 


100 




1212, 


1000 




12120. 


10000 


>z=z4 


121200. 


100000 




1212000. 


1000000 




12120000, 



How may a* decimal number be moltiplied by 10, 100, 1000, fcc. 1 When there are 
aet as many decimal figwm in the multiplicaad as there are ciphen in the multipliet;, 
fcavr do yoo proceed t 



DIVISION OP DECIMAL FBACTIONS. 

84, In multiplication of decimals, we know that the 
fiumber of decimal places in the product is equal to the 
8um of those in both the factors. Now, since the product 
Winded by one of the iaotois must produce the other fao- 
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tor or quotient, it follows, that in division the decimal 
places of the dividend must be equal to the number of 
places in the divisor and quotient taken together. Hence, 
the number of decimal places in the quotient must equal 
the excess of those in the dividend above those in the 
divisor. 

Divide 6-81224 by 5-432. 

Dividing 581224 by 5432 we find 107 for the quotient. 
Since 5 figures of the dividend are decimals, and only 3 
figures of the divisor are decimals, it follows that two 
figures of the quotient 107 must be decimals, so that 1-07 
is the quotient sought. 

Hence the following 

RULE. 

■ 

Divide as in whole numbers; give as many decimal places 
in the quotient as those in the dividend exceed those in the 
divisor ; if there are not as many, supply the deficiency by 
prefixing ciphers. 

How do yoa divide one decinud by another 1 How many decimal places mutt the 
qnoiient have? If the whole number of figures in the quotient is not as gnat as the 
number of decimals required, how do you proeeed 1 



EXAMPLES. 




OPERATION. 


1. Divide 0123428 by 11-8. 


11 


•8)0- 123428(0-0 104a 
118 

542 

472 






708 
708 



In this example, the dividend contains 6 decimal places, 
and the divisor but 1 ; therefore, by the rule, the quotient 
ought to contain 5 ; but at there are btt 4 fi0|mr in ^ 



DIVISION OF DECIMAL FEACTIONS. {Qg 

fiMMient, we make up the deficiency bj 'prefixing a cipher 
Itefcnre making the decimal point. 

. 2. Divide 3-810688 by 112. Ans, 3-4024. 

3. Divide 0109896 by 0-241. Ans. 0-45a 

4. Divide 112264556 by 10012. Ans. 11213. 

5. Divide 00 1764 144 by 000 18. Ans. 9-8008. 

SfS* When there are not as many decimal places in 
the dividend as in the divisor, we may, (by Art. 49,) 
annex as many ciphers to the dividend as we please, if we 
do not change the place of the decimal point. When the 
number of decimal places is the same in both dividend 
and divisor, the quotient will be a whole number. As for 
example, -f^ divided by -1^=3, which is a whole number; 
that is, 0-6 divided by 0*2=3, a whole number. 

When there are not ai many decimal places in the dividend as in the divisor, how 
do you proceed 1 When the number of decimal places in the dividend is the same as 
in the divisor, what will the quotient be 1 



6. Divide 244-431 by 1-2346. 

In this example, before 
performing the division, 
we annex a* cipher to the 
dividend, so that it may 
have as many decimal 
places as the divisor has ; 
we then perform this 



OPERATION. 



1 •2345)244-4310(198 whole 
12345 number. 

120981 
111105 



98760 
98760 



7. Divide 122-418 by 3-4005. Ans, ^36. 

8. Divide 7 by 07. Ans, 10. 

9; Divide 0-25 by 00005. Ans, 600. 

^ 10." C^ide 0125 by 0-000005. Ans, 25000. 

10 
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ff0« When there is still a remainder, and we wish a 
more accurate quotient, we may continue to .annex ciphers 
and to divide as far as we please, observing the rule for 
placing the decimal point. 

1 1. Divide 20 by 0-003. 

OPERATION. 

By Short Division. 003)20000. 



6666*6666, &;c., to any extent. 
12. Divide 37-4 by 4-5. 



OPERATION. 



4-5)37-4(8-31111 + 
360 

140 
135 



50 
45 



50 
45 



50 
45 



50 
45 



When, in the quotient, we write the sign + it is to 
dicate that the quotient is still laiger than is written. 



FEDERAL MONET. 



Ill 



It frequently happens, as in this example, that the work 
will never terminate. 

- Wken there is atill a remainder, how may we proceed to obtain a still more aecurate 
valoe fur the quotient 1 What does the sign -{- at the rif ht of a quotient indicate 1 



13. Divide 7-85 by 3-43. 

14. Divide 0-478 by 0-58. 

15. Divide 0-9009 by 0-4051. 



Ans, 2-2886-f-. 
Ans. 0-824 +. 
Ans, 2-223+. 



ST. We may, obviously, divide any decimal by 10, 
100, 1000, &c., by removing the decimal point as many 
places to the left as there are ciphers in the divisor ; when 
there are not so many figures at the left of the decimal 
point, we may prefix ciphers. 



10 
100 

Thus, 12-12 divided by ^ J^^JJ^ 

100000 
1000000 



>• = -< 



1-212. 

01212. 

001212. 

0-001212. 

00001212. 

000001212. 



How may we divide a decimal by 10, 100, 1000, &c. ? When in the decimal num- 
bar there ari not as many fignxes on the left of the decimal point as there are ciphers 
fa the diTisor, how do you proceed 1 



PEDERAl HONEY. 



US* This is the currency of the United States. 
Its denominations, or names, are Eagles, Dollars, Dimes, 
Cents, and Mills. 
Eagles, "j 

Half Eagles, V are coined from gold.* 
Qmiter Eagles, J 
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^ are coined from silver. 



Dollars, 
Half Dollars, 
Quarter Dollars, 
Dimes, 
Half Dimes, 

The Mill is never coined. 

ff9« The gold for coinage is not pure, but coiAisai ci 
ff of pure gold, -^ of silver, and jfx o^ copper; or, as 
usually expressed, 22 carats of gold, 1 of silver, and 1 of 
copper. A carat being -j^ part of the whole. 

The standard for silver is 1489 of pure silver to 179 of 
pure copper; which, in carats, is 21-,^ of silver, and 
2fih of copper. 

The copper coins are of pure copper. 

By an Act of Congress, approved January 18, 1837, the 
gold and silver coin was to consist of iVA =^ W^ 
metal, and tWV=tV alloy. The alloy for silver was to 
consist of pure copper, and the alloy for gold was to con- 
sist of copper and silver, provided that the silver does not 
exceed one half of the whole alloy. 

The weight of the Eagle was fixed at 258 grains ; the 
weight of the Dollar was to be 412^ grains ; that of the 
Cent was to be 168 grains. 

TABLE OF FEDERAL MONET. 

10 mills m make 1 cent, et, ■ 

10 cents << 1 dime, d. 

10 dimes " 1 dollar, $.• 

10 dollars ^ 1 eagle, E. 



• The iymbdli fa jirob>My t eomMmtien of the latttw U. S^ writti j^ to 
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IW. Ct, 

10= Id. 
100= 10= 1 $. 
1000= 100= 10= 1 E. 
10000 = 1000=100=10=1. 

Where is Federal Money used 1 What are its denominations ? Which are coined 
Aom gold ? Which from silver 1 Which from copper 1 Which one is neyer coined 1 
What metab are mixed with gold for coining ? In gold coins, what is the ratio of the 
and silver to the gold ? What is a carat ? What is the standard for silver 
What is the ratio when estimated in carats ? Is the copper for copper coins 
•bo alloyed 1 By Act of Congress, 1837, what fVactional part of gold and silver coin is 
jmn metal 1 And what part u alloy 1 Of what metal b the alloy for silver 1 Of 
what metab is the alloy for gold 1 What b the weight of the Eagle ? What b the 
weight of the Dollar 1 What the weight of the Cent ? Repeat the table of Federal 
Hooey. 



Since the different denominations succeed each 
other in a ten-fold ratio, as in whole numbers and decimals, 
it is plain that the preceding rules for decimals are appli- 
cable to this currency. The United States was the first, 
and only government, that adopted the decimal division 
for its currency. It is much to be regretted that they 
did not, at the same time, give the decimal division to 
their weights and measures. Notwithstanding the great 
simplicity of the decimal division, a large number of our 
merchants mark their goods in shillings and pence, and 
some even keep their book accounts in English currency. 
The rates of postage, having been fixed in Federal cur- 
rency, will do much towards bringing about its universal 
use in the United States. Federal money ought never to 
be treated as consisting of different denominations, since it 
is by far the simplest and best way to consider its denomi- 
nations ,the same as decimals. To make this more clear, 

we will give the following table of Federal Money : 

10* 



I 
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1 dollar is the same as 100 cents, which is 1000 mills. 

2 dollars is the same as 200 cents, which is 2000 mills. 
5 dollars is the same as 500 cents, which is 5000 mills. 
7 dollars is the same as 700 cents, which is 7000 mills. 

56 dollars is the same as 5600 cents, which is 56000 

mills. 
365 dollars is the same as 36500 cents, which is 365000 

mills. 
3456 dollars is the same as 345600 cents, which is 
3456000 mills. 

&c, &>c. 

From this we see tha't dollars are changed into cents by 
annexing two ciphers ; cents are changed into mills by 
annezing one cipher, and dollars into mills by annexing 
three ciphers. 

BtiriMdoOuidMUVBdiiitOMiitil How art etntiehanfed into Bilbl How art 
fatoiniUil 



1. How many cents in $6? Ans. 600. 

8u How many mills in 13 cents? Ans, 130. 

8. How many mills in $4 aniSl 45 cents ? Ans. 4450. 

4 How many mills in 75 cents and 1 mill ? 

Ans. 751. 

6. How many cents in $9 and iS cents ? Ans. 913. 

& Hoiw many mills in $5 and 55 cents and 5 mills ? 

Ans, 5555. 

U« If we cut off one figure from the right of mills, 
rhich IB dividing by 10, (A&t. 30,) the sum will be 
hanged into cents ; if from the right of cents we cut off 
wo figures, that is, divide by 100, the sum will be changed 
ito doUani; and if from the right of mills we cut off threo 
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fig^ixML that a. diriie br 1000. the sum will be cl 
isto doUaiB The jm^n cut off will be a decimal ; 
of the deDO!Lina:ioc to which the sum is changed. 



r ■■ iiiThli ihiMiif II iiir T BovBByeHlBlMehufadtoAoa 
■ft V boIb he 



1. How manv dollan in 113 cents? Ans. i 

2. How manv dollan in 12345 mills ! Ans. $1S 

3. How man J dollan in 1004 mills ? Ans. $1 

4. How many cents in 45678 mills ? 

% Ans. 4567-8 ( 

5. How many dollan in 2456405 mills ? 

Ans. $245( 



TABLE 

CTUUTAI. PABT8 OP A, VOIXAM. FSSQITBirrLT V9 



5 cents =TiV of a dollar. 

6\ cents =-iV of a dollar. 

8^ cents =-j»y of a dollar. 
10 cents =z^ of a dollar 
12i cent8=i of a dollar. 
16| cents = I- of a dollar. 
20 cente=^ of a dollar. 
25 cents =^ of a dollar. 
33^ cents =i of a dollar. 
50 cents =i of a dollar. 
100 cents =1 dollar. 

QUEflTIOmi WROUGHT BY DECIMALS. 

1. Bought 4 loads of wood ; the first contain 
\ COidSy the second contained 103 cords, the third cc 
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cords, the fourth contained 1*005 cords. What did 
■fte four loads measure ? Ans. 3*95 cords. 

».:2. In the month of May the amount of rain was 3*15 
inches, in June it was 4*05 inches, in July it was 2-97 
inches, and in August it was 3*03 inches. How much 
nin fell during these four months T Ans. 13-2 inches. 

8. During three successive days the mean range of the 
barometer was 2904 inches, 29*51 inches, and 29*73 
inches respectively. What is the sum of these heights ? 

Ans, 88*28 inches. 

4. Bought a box of^ raisins for $1*75, one bushel of 
apples for $0*375, one cheese for $3* 175, one barrel of 
Bugar for $15*50. What did the whole amount to ? 

Ans. $20*80. 

5. A farmer receives $15*375 for a cow, $75 for a fine 
horse, $3*125 for some potatoes, $5*55 for some poultry. 
How much did he receive in all? Ans. $9905. 

6. A person bought some velvet for $3*333, some broad- 
cloth for $18-75, some silk for 12*50, some cotton cloth for 
$5*405, a shawl for $12*25, some carpeting for $3005. 
What did the whole amount to? Ans. $82-288. 

7. A person borrowed $213*375, of which he has paid 
> 107 -18. How much does he still owe? 

Ans. $106* 195. 

8. Bought a cow for $13*25, paid $6*875. How much 
remains unpaid ? Ans. $6*375. 

9. What will ISS^unds of coffee cost, at $0*138 per 
pound? Ans. $25*53. 

10. Bought 8-375 cords of wood, at $2*50 per cord. 
What did it cost ? Ans. $20-9375. 

1 1. What will 121*5 gallons of molasses come to, at 41 
sents per gallon? Ans. $49*815. 
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12. The length of the Erie Canal is 864 miles, aad it 
cost $7143790. What was the average expense of cme 
mile? Ans. $19625796-1-. 

13. The Crooked Lake Canal is 8 miles long, and cost 
$156777. How much is this per mile? 

Ans, $19597-125. 

14. In 1842, the whole number of children taught in 
the district schools of the State of New York was 598901 ; 
the whole amount disbursed for common schools was 
$1155419*90. How much was that per scholar? 

Ans. $1-929-1-. 

15. The salary of the President of the United States is 
$25000. How much is that each day? ^iw. $68*493+. 

16. In one rod there are 165 feet. How many rods in 
3573 feet? Ans, 216 5454+ rods. 

1 7. Bought a farm of 137 acres for $5324. How much 
was that per acre? Ans. $38-861+. 

18. If 35 miles of railroad cost $400000, how much 
was the average cost per mile? Ans. $1 1428-57-f. 

19. Suppose a- carriage wheel to be 12 feet in circum- 
ference, how many times will it revolve in pasi^ig over a 
distance of 100 miles, there being 5280 feet in a mile? 

Ans, 44000 times. 

20. If at each stroke of the piston rod of a locomotive 
engine a distance of 13*25 feet is passed over, hqw many 
strokes must be made in passing a distance of 93 miles ? 

Ans. 37059*62+ times. 

21. In 1845, the revenue or interest from the School 
Fund of the State of New York was $86828*96. During 
the same year there were employed 7 1 47 teachers. If the 
above sum were equally divided among those teacher^ 
what would -each one receive? Ans, $12*149+. 
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22. In 1 844, the whole number of school districts of 
New York was 10990, and the whole number of children 
in said districts, between the ages of 5 and 16 years, was 
G96548. What was the average number for each district ? 

Ans, 63-38, nearly. 

23. In New York, the total number of volumes in the 
11018 school district libraries was 1145250. What was 
the average number for each library ? 

Ans. 103-94+ volumes. 

24. In one mile there are 1760 yards, and in one rod 
there are 5^=5-5 yards. How many rods in one mile? 

Ans, 320 rods. 

25. If light passes 191515 miles in a second, how many 
seconds will it require to pass from the sun to the earth, a 
distance of 95500000 miles 1 Ans. 498-6S-f seconds. 

26. If a cubic inch of pure water weigh 252458 grains 
avoirdupois, of which 7000 make one pound, what is the 
weight of the Imperial or Enghsh gallon, which contains 
277-274 cubic inches ? 

Ans ^ ''0000039492 grains, 
^ ^^' ( 10000005 pounds, nearly. 

27. If one Imperial gallon contain 277 274 cubic inches, 
how many cubic inches in 8 gallons or one bushel, and 
how many cubic feet of 1728 inches each ? 

Ans ^ 2218192 cubic inches, 
^' i 1-283 " feet, nearly. 

28. If one cubic inch of pure water weigh 252*458 
g^ins avoirdupois, how mftny grains will 1728 cubic 
inches, or one cubic foot, weigh, and how many pounds 
of 7000 grains each ? 

^^ { 436247-424 grains, 
^' ( 62-32106 pounds, nearly. 
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This valuMf $30631-25 is evidently 1000 
times too much ; therefore, to obtain the true 
value, we must divide it by 1000, which is 
done, (Art. ST,) by removing the decimal 
point three places to the left ; it will then be- 
come $30-63125. Had they been $3*25 per 
1 3063 1-25 I 100, then, instead of removing the decimal 

point three places to the left, we should have 
removed it two places. Hencp we have this 



RULE. 



Multiply the number of articles hy the number expressing 
the price per 100, or 1000, and from the product cut off two 
rfthe right-hand figures when the articles are estimated by 
the 100. and three when they are estimated by the 1000. 



EXAMPLES. 

1. What is the value of 1300 feet of hemlock boards, 
at 95 50 per 1000? 

OPERATION. 

1300 
5-50 



65000 
65 

$715000 

In this product wq set off five figures for decimals ; two 
according to Art^ S9, and three more because the articles 
are estimated by the 1000. 
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2. What is the value of 675 feet of clear pine stuff, at $2f 



^ 



r\ i!. 



t j(V.*^75. 
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per 100? Ans. ^248-2875. 

^ 4. What is the value of 90422 brick, at *3-75 per 
1000? Ans. $339082& 

6. What must be paid for laying 875 brick," at fSii 
per 1000? Ans. $2-84375. 

6. A compositor worked nine months, and during thift' 
time set up at the rate of 7000 m's per day. How many 
thousand m's did he set up, reckoning 25 working days to 
the month ? and how much did he receive at 15 cents per 
1000 m's? Ans. 1575 thousand m's. 

$236 "25 amount he received. 

7. Add together the following fractional parts of a 
dollar— ^V, tV> i^t^ is^ h h h h h \- (See Table under 
Art. 61.) Ans. $1.87tV- 

8. A man in balancing his family accounts for one 
year, found his expienses as follows : for January, $98 41 ; 
for February, $8133; for March, $10228; for April, 
$125-26; for May, $7438; for June, $7347; for Jul}', 
$65-98; for August, $87 21; for September, $70 34; for 
October, $122-08 ; for November, $7968 ; for December, 
$52*77. His salary was $1050 per annum. What had 
he left at the end of the year ? Ans. $16*81. 

9. A butcher, a shoemaker, and a tailor gave orders oo 
each other in the way of their business, and at the end of 
a year settled accounts. The butcher's bill against the 
tailor was $61*84 ; against the shoemaker, $3944. The 
•shoemaker's bill against the butcher was $24-30 ; against 

tie tailor, $19*15. The tailor's bill against the butcher 
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•42*07; against the shoemaker, $39 39. Who 
red balances in cash ? 

Ans, Butcher received from tailor, •1977. 

" " ** shoemaker, $1514. 

Tailor « « u $20-24. 

NoTB.— B^ an Act of Congress passed Feb. 20, 1849, the Double 
SH^ and the CMd Dollar were added to the Gold Coins of the 
^1 UaiMd States. The act directing the coinage of these pieces is to 
U in Sbiee until March 4, 1851. See Art. 58. 
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^'1 C4« A SIMPLE NUMBER IS an exprcssion for a certain 
oomber of units having no reference to particular things. 
Thus 37 is the same as 37 times one, abstractly con- 
sidered; that is, considered apart from anything that 
uiits might represent. It does not mean 37 times a 
poond, foot, dollar, or anything else. 
^-j A DENOMINATE NUMBER is an cxprcssion for a certain 
ijj munber of units having reference to particular things. It 
^/ imaminates what things are meant. Thus 8 yards is a 
denominate number whose unit is 1 yard ; 8 dollars is a 
denominate number whose unit is one dollar. 

Several numbers of different denominations are fre- 
qneotlj grouped together, as 6 feet 3 inches. 

All our different kinds of weights and mieasures are 
denominate numbers. It is much to be regretted that we 
are obliged to employ such a variety of different measures, 
when the same end would be accomplished by one meas- 
me for weight, and one for each of the three geometrical 
magnitudes, lengths, surfaces and solids^nd one for time 
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The French government have adopted such a system ai 
weights and measures, graduated on the decimal scale o 
notation. 

In multiplication, the multiplicand being repeated a cer- 
tain number of times, or a certain fraction of a time, when 
the multiplier is a fraction, it follows that the multiplier, 
considered as a multiplier, must always be regarded as a 
simple or abstract number. And since the product is a 
repetition of the multiplicand, it must be ilike the multi- 
plicand ; that is, if the multiplicand is an abstract num- 
ber, the product will be an abstract number ; if the multi- 
plicand is a denominate number, the product will be a 
denominate number of the same kind: 

In division, the quotient showing how many times the 
divisor is contained in the dividend, or what fraction of a 
time when the divisor is greater than the dividend, it fol- 
lows that the quotient must be regarded as an abstract 
number ; and that the divisor and dindend must be alike. 

Note. — In many cases, however, the process of division is rather 
the dividing of a dividend into as many equal parts as are indicated by 
the divisor ; in which case, the quotient, expressing the units in one 
of those parts, is of the same kind as the dividend, while the divisor 
is to be regarded as an abstract number. See Elzample, Art. §6. 

V7hat ii a limple number 7 What ii a denominate namber 1 WMI kind of nnnt- 
ben are all our diflferent weiffhU and meoiures ? What is aaid of the French roeaanrai) 
In multiplication, can the multiplier erer be a deooniaate number ? Are the i»odDet 
and multiplicand alwny* alike 1 What it mid of the quotient? What is said io 
the note 1 

The following are some of the most important tables of 
weights and measures at present empldyed in this country. 

ENGLISH MONEY. 

6t1^. The denomination of English monej are Far- 
thing's^ Pence, Shillings, and Pounds. 
The pound stwling, wYi\oh ir%A tms^ m. ^va^ Imt a bank 
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illings. has now gone into diiuM, and a gold 
L Sovereign, supplies its place ; but the name 
^ven to 20 shillings. 

TABLE.* 

farthings, far, make 1 penny, d. 
pence ^ 1 shilling, #. 

shillings <^ 1 pound, £. 

ybr. d, 

. 4= 1 s. 
48= 12= 1 £ 

960=240=20=1 

hings are sometimes expressed in fractions of « 
)ws: 1 farthiDg=i <2., 2 farthings =!«/., 3 farthings 

snominatioift of Enyliih money t Which d«fKNni nation ii imrm 
old coin it equiralent in Taloe to one pound 1 Repast tha TaUa. 
sometimes ezpreaaed 1 

TROY WEIGHT. 

original of all weights used in England was 
m of wheat, gathered out of the middle of 
Df these, well dried, were to make one penny- 
enny weights one ounce, and 12 ounces one 

in latter times, it was thought sufficient to 
ame pennyweight into 24 equal parts, still 
8, being the least weight now in common 

sious metals, jewels, and liquors, are weighed 
ght. 



it aud value of English gold and lilver coin are as intbe racceedU*^ 

11* 
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TABLB.* 

24 grains gr. make 1 pennyweight, pwU 
20 pennyweights " 1 ounce, oz. 

12 ounces " 1 pound, Ih. 

gr. pwt 
24= 1 oz. 
480= 20= 1 Ih. 
5760=240=12=1 

What WM the original of all weights used in'Englapd 1 How waa the grain 
tained 7 b it itill med as a weight 1 What sobttances are weighed by 1 
weight) Repeat the Table. 

APOTHECARIES' WEIGHT. 

•7. This weight, as its name would imply, is used 
weighing medicines in small quantities, as for presci 
lions. But drugs and medicines in gross are bought £ 
sold by Avoirdupois Weight. The pound and oui 
Apothecaries' Weight are the same as in Troy Weigh 



Namb of Coin. 


Valttb. 


Wbioht. 




£ 8. d. 


pwt. gr. 




' A guinea, 


I 1 


5 9} 




Half guinea, . 


10 6 


2 16i 


Gold. < 


Quarter guinea, 


5 3 


1 8t 




Sovereign, 


10 


5 3^ 




. Half sovereign, 


10 


2 13xV 




' A crown, 


5 


18 4^ 


Ql1«A« 


Half crown. 


3 6 


9 2A 


®'''*'- ^ Shilling, 


10 


3 15^ 




>^ Sixpence, 


6 


1 19^ 



* This scale of weights is said to have been borrowed originally from TVoy 
ThtBce— benoe its name. Some, however, contend that the name has i^erea< 
die mooUdi title given to London, of TVey AVwmt. 



. ^ make 1 scruple, 9 

3 scruples ^ ^ ounce, ? 

8 dtatns ^ ^ pound, * 
X<i ounces ^ 






5760*288' Doi-P-"-*^**^ 



1 ^\\ 



. «N.eVgbea»tt*'^!^°gTOcerie., 

16= ,' \ q*-- . 

513440=3584U 
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The pound Avoirdupoiil contains 7000 grains. 

From the preceding table, it will hh seen that 112 pounds 
instead of 100, are called one hundred weight. In most 
cases however the hundred weight is taken equal to 100 
pounds, and 25 pounds, instead of 28, is* called a quarter. 
Coal merchants in buying coal receive 112 pounds for a 
hundred weight, and 20 hundred weight for a ton, making 
2240 pounds ; but they retail it at 2000 pounds for a ton. 

What tnlMtances ar« weighed by Avoirdopoii Weight? Repeat the Table. By 
this weiffat how many peundi make one hundred weight ? In most cases how many 
poonda make a hondied vreight 1 How is cool vsoally bought and sold 1 



LONG MEASURE. 



It is usual, at the present time, to derive the meas- 
ure of length from that of a pendulum vibrating once in a 
second of time. The length of such pendulums will vary 
for different latitudes, as here given. 



Placbr. 


ItATITUDKB. 


LsNaTH xir xncHU. 


Equator, 


Oo 0' 0' 


3901612 


Cape of G. H., 


33 55 15 


3907815 


New York, 


40 42 43 


3910120 


Pfiiris, 


48 50 14 


3912929 


. London, 


51 31 8 


3913929 


The Pole, 


90 


39-21820 



The French government derive their linear unit of 

measure from one quarter of the circumference of a great 

circle of the earth passing through the poles.* Having 

ietermined by actual surveys the length of that portion of 

luch a circle comprised between the parallels of Dunkirk 
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and Barcelona, they deduced its entire length from the 
I equator to the pole, and took one ten milhonth part of it 
for a metre. This method gave for the French metre 
I 39-37079 English inches, equal 32809 feet, nearly. 



'¥ 




TABLE. 




3 barleycorns 


^ar. *make 1 inch. 


in. 


12 inches 




{< 


1 foot. 


A 


3 feet 




u 


1 yard. 


yd. 


5i- yards 




u 


1 rod, perch, ( 


3r pole, rd. 


40 rods 




(( 


1 furlong, 


M- 


8 furlongs 




u 


1 mile. 


mi. 


3 miles 




a 


1 league. 


L. 


, t69f miles, nearly 


(( 


1 degree. 


deg. or ^. 


%n. 


^ 








12= 


1 




yd. 




36= 


3 


^zz 


1 rd. 


• 


198 = 


16i 


■ — — 


5i= 1 fur. 




7920 = 


660 


^_ 


220 = 40=1 


mi» 


63360=, 


5280 


^.^^^ 


1760 =320=8: 


= 1 



From what is the meosure of length, at the present time, usually derived 1 MentioB 
the lengths of the second's pendulum for the places given above. How do the IVench 
derive their measure of length 1 How is their metre obtained t What is its langth 
in English inches 1 What is the length in feet 1 

Bapeat the Table of Long Measure. 



* This meaame has fallen into disuse, and for small portions of an inch, w« use 
ooe-eifhtii, oee-tenth, and one-sixteenth. 

t The latest measurements give the equatorial diameter of the earth equal to 
7B89-6I8 miles, and iU circumference equal to 34890 miles, which, divided by 3G0, 
fives the length of a degree 00| miles, nearly. The circumference corres|K)nding 
widh die eqnatOT is nearly eiicular^while the circumftience passing through the polea 



■LBHINTAKT AftlTHHlTIO 




. 


CLOTH UEABUBE. 






TABLB. 




2^ inches ■' 


1. make 1 nail, 


no. 


4 DaiU 
3 quarters 


" 1 quarter of a yard, ^. 
" 1 Ell FlemUh, E. Fl 


4 quarters 
4 gr.Min 
6 quarters 
6 quart era 


« 1 yard, 
" 1 Ell Scotch, 
« 1 Ell EngUsh, 
" 1 Ell French, 


E.S. 
B.E. 
E.Fr. 


rttli.T.bl.ofClolhM«.Di.. 






SQUARE MEASURE. 





71t This measure is used for estimating artificers' 
work, such aa boards, glass, pavements, plastering, floor- 
ing, painting, and any other kind of work where length 
and breadth only are concerned. It is always epiployed 
for measuring land, and for this reason it is sometimes 
called Land Measure. 

A square is a figure having four equal sides, and all its 
angles righl, that is, the sides are perpendicular to each 
other. 

If the length of one of the 
Bides is one inch, it is called 
a«ju«r«ineft. If the length 
of one of the sides is one 
feot, or 12 inches, it is called 
» tjuarefoot, which by the 
•djacent figure we see is 
oomposed of 12x12=144 
««« inehtt. 

Inawmilarmwmer.ifwe 



I r«it=l3 rrtdMi. 
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had a square, each of whose sides was 3 feet, then it 
would contain 3 x 3=9 Sq.feet, which is called one square 
yard^ since 3 feet=l yard. 



TABLE. 



rAHL.lS. 

144 square inches iS^. tit. make 1 square foot. Sq.ft. 
9 square feet " 1 square jard, Sq. yd, 

« 1« "1 square rod or pole, P. 

1 wx/^ D 



30^ square yards 

40 square poles 

4 roods 

•640 acres 

Sq. in 



u 
u 



1 rood, 
1 acre, 
1 square mile, 



R. 
A. 
M. 



Sq.ft 

144= 1 Sq, yd, 

1296= 9=1 

39204= 272i= 30+= 

1568160=10890 =1210 = 40 

6272640=43560 =4840 =160 



P, 

1 R, 
40=1 A, 
4=1 



In measuring land, Gunter's chain is used ; its length is 
4 rods, or 66 feet. It is divided into 100 links. 

1-f^ inches make 1 Hnk, /. 

100 links, or 4 rods, or 66 feet, " 1 chain, c. 

80 chains " 1 mile, m. 

10000 square links " 1 square chain. 

10 square cliains '^ 1 acre, A, 



What ON it made of Square Msasarel WlienempIoyfldiniiMasariiiglaiidybow it 
H called f What it a tqaara 1 When a tqnare it one inch on each tide how it it 
eallad? When it it one footor 18 ineliet on eaehtide bow it it called 1 When it it 
oaa yard on each tide how it it ealledl Repeat the Table of Square Meainre. In 
Laod Meaaue, with what ar^ the tidet of the field oiiially meatored 1 How h»f it 
tUfohainl BapeattfaeTaUeof Land Meature. 



... • 



i^pKed to evlkee or aiaa. There it so ifMii Ih^ at an 
It b of lodi a nagaitiide at not to admit of beinf 
of • tqnare, haTing the liditt enaetly determined. The 
appMeahiatatha 



isiDd 
■on hng ( or a eoUo 
auuuiiiriy tf^nm fat the 







■-■-^ -^' 




H 


I ,■ 


■^aW 
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SOUD. OS CCBIC KEAStKE. 

T9. This is used in measuring «I1 bodies where «e 
h«?e lee^ni to length, breadth, and thickness, such aa 
earth, stone, timber. 9k. 

A Ctibe \% a solid bounded bj six equal squaies, resem- 
bling B common tea-cheat. 

If the aides of a cube are ***• 

each one inch lon^, it ia called 
a enhie inch. If each side is 
one foot, it is called a etihie 
foot. If a aide is one it>d, it ia 
called a oAic rod. 

In the adjoining figure we 
have endeavored to repreaeot 

a cube, canh aide of which ia 3 feet, or one jraid, and con- 
aequentlj' it ia one euhU yard. 

The top, which ia equal to the baee, contains 3x3—9 
square feet ; hence, if this was only one foot in height, it 
would contain 9 cubic feel ; but as it ia 3 feet in height, it 
must therefore contain 3 times 9=27 cubic feet. Hence, 
one cubic yard is equivalent to 3x3x3=27cubic feet. 

In the same way one cubic foot ia equivalent to 12x 
ISx 12=1736 cubic inches. 

TABLE. 

17S8 solid inohea S. in. make 1 aolid foot, S. fi. 

97 wild feet " 1 solid yard, S. yd. 

•40 feet of round timber or » „ , 

M feet of hewn timber i ^ ^^ "''^ 

1S8 wild feet " 1 cord of wood, C 
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A pile of wood 4 feet wide, 4 feet high, and 8 feet long, 
vill make one cord. One foot in length of such a pile is 
nmetimes called a cord foot. It contains 16 solid feet; 
'consequently 8 cord feet make one cord. 

Ftar wlwt u Solid Maaauiv med 1 What is a Cube 1 In a eobie yard how many 
oririe feet 1 &i a eabic foot how many cubic inches 1 How many enbie feet of 
■ond timber make a ton 1 How many of hewn timber 1 How many eobie fcet 
a eevd of wood 1 Explain what is meant by a cord foot 



WINE MEASURE. 

TSe Bj this are measured all liquids except beer. 



TABLE. 



4 gills gi. make 
2 pints " 



u 



u 



u 



u 



u 



4 quarts 
31-)- gallons 
63 gallons 

2 hogsheads 

2 pipes 

gi' pt- 

4= 1 

8= 2= 

32= 8= 

1008= 252= 126= 

2016= 504= 252= 

4032=1008= 504= 

8064=2016=1008= 



qt. 
1 
4= 



1 pint, pt. 

1 quart, gt, 

1 gallon, gal, 

1 barrel, bar. 
1 hogshead, kkd. 

1 pipe, pi, 

1 tun, tun. 



gal, 

1 bar, 
31i=1 khd, 
63 =2=1 pi, 
126 =4=2=1 tun, 
252 =8=4=2=1 



The wine galbn contains 231 cubic or solid inches. 



Repaattiie TaUe. UuwwmBf 



eoWe 



hf Wine Measaie 1 
iDthewiMidloBt 

12 
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74. 



ALE, OR BEER MEASURE. 
TABLE. 

2 pints pt. make 1 quart, 
4 quarts ^' 1 gallon, 
36 gallons ^ 1 barrel, 



« 



qL 

gal 

bar. 

1 hogshead, hhd. 



• 1 



• tf 



•'.V 



H barrels 

pt^ qt. -i 

2= 1 gal 3 

8= 4= 1 6ar. 
288=144=36=1 hhd, 
432=216=54=li=l 

The beer gallon contains 282 cubic or solid inches. 

What is meMored by Beer Measure 1 Repeat the Table. How many cable inelMS 
^inthebesrgalkm? 

DRY MEASURE. 

7tl« By this are measured all dry wares, as grain, 
, roots, fruits, salt, coal, sand, ojrsters, &c. 

TABLE. 



2 pmts pt, make 1 quart, 


qt. 


8 quarts " 1 peck. 


pk 


4 pecks " 1 bushel, 


bu. 


*36 bushels . ^ 1 chaldron, 


€k. 


pt. qU 




2= 1 pk. 




16= 8= 1 hL 




64= 32= 4= 1 ek. 




2304=1162=144=36=1 





* hk Hw United 8>atw » bo ri ie l i ^l 
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By the IBnglish statute the dry gallon must contain 
268^ cubic or solid inches. The com or Winchester 
busbel must contain 2150f cubic or solid inches. This 
meeLSure is of a cylindric form, 8 inches deep and 18-^ 
inches in diameter. 

By an act of Parliament, which took effect the 1st of 
January, 1826, the imperial gallon of 277*274 cubic inches 
was adopted as the only gallon. This gallon was to 
consist of 10 pounds, avoirdupois, of distilled water. 

Note. — If we divide 1728, the number of cubic inches in one 
cubic foot, by 277-274, the number of cubic inches in the gallon, 
we shall obtain 6*2321 for a quotient, which is the number of gallons 
in one cubic foot. Multiplying 6*2321 by 10, the number of pounds 
in one gallon, we obtain 62*321 for the number of avoirdupois 
pounds in one cubic foot of water. In one avoirdupois pound 
^re are 7000 grains, and in 10 pounds there are 10000 grains. 
But 10 pounds is the weight of one gallon, which contains 277*274 
cubic inches. Hence, dividing 70000 by 277*274, we find 252*458, 
the weight in grains of one cubic inch of water. 

According to the Revised Statutes of the state of New 
York, ji cubic foot of distilled water, wh^n estimated 
under prescribed circumstances, is to consist of 62-}^ 
pounds, or 1000 ounces avoirdupois weight. Eight 
pounds of such water is to constitute the gallon for 
liquid measure, and ten pounds is to make the gallon for 
dry measure. 

What axtielet are meamred by Diy Measure 1 Repeat the Table. How many 
cnbie inches in the dry gallon, aceordinf to tlie English statute 1 How many eubic 
ioehes in a bushel 1 What is the form and dimensions of the Winchester bushel 
■Masnre 1 How many cubic inches in the English imperial gallon 1 The imperial 
filloo ooatains how many pounds of distilled water 1 One cubic foot of water weighs 
htm wmny avoirdupois pounds 1 How many Troy pounds 1 One eubic inch of 
water weight how many grains 1 How many pounds of water constitute tiie dry gal- 
loM,Mooidtnf totheRMriiedfltatalesofNew Yoriti How maay ponnds make the 
HfaiiftUoo? 
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TIME. 



TABLE. 



60 seconds see. 

60 minutes 

2.4 hours 

7 days 

4 weeks 

13 mo., 1 da., 6 hr., or 

365 da., 6 hr. 



make 

u 

u 

u 



\ 



u 



u 



1 minute, mtn. 

r hour, hr, 

I day, d(L 

1 week,' wk. 

1 month, mo, 

1 Julian year, yr. 



see. 

60: 
3600: 

86400: 

604800: 

31557600: 



nun, 
1 

60: 
: 1440: 
: 10080: 

525960: 



hr. 

1 da. 
24= 1 
: 168= 7 : 
:8766=365f 



wk. 
1 yr. 

:52A=1 



The true length of the solar year is 365*242217 days, 
or about 365 da. 5 hr. 48 m. 47 j^ sec. 

The civil year is also divided into 12 calendar months, 
as follows : 



DATl. 
... 31 

February, . . . . 38 or 39 

•* March, 31 

" April, 30 

May, 31 

June, 30 



1 month, January, 

3 " 
3 

4 " 

5 " 
" 



7 month, July, 



. 31 



8 

9 

10 

11 

13 



i( 



M 



<l 



August, 31 

Septsmbor, .... 99 

October, 31 

If owmbw, ... 99 
December, .... 31 

985 or 386 



If the year exceeded 365 days by 6 hours eocactly, then 
once in four years these hours would amount to another 
day. Heace, once in four years, an additional day is given 
to the month of February; and such years are called 
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Bissextile or Leap years. But, since this excess is not 
quite 6 hours, this rule of adding one day to February every 
fourth year is interrupted, and the centennial years, which 
are not divisible by 400, are regarded as common years.* 
Hence, any year, (except a centennial year,) which is 
divisible by 4, is a Leap year, or consists of 366 days. 

Centennial years which are divisible by 400 are regarded 
as Leapyears ; all others are considered as common years. 
1796, 1804, 1808, 1812, 1816, 1820, 1824, 1828, 1832, 
1836, 1840, were all Leap years. 1800, not being divisible 
by 400, was a common year of 365 days ; the same may 
be said of 1900 ; but the year 2000, being divisible by 400, 
will be a Leap year. 

The number of days in the respective months may be 
recalled by recollecting the following versification : 

Thirty days hath September, 
April, June, and November — 
Alt the rest have thirty-one, 
Excepting February alone, 
Which has but twenty-eight in fine, 
Till Leap Year gives it twenty-nine. 

Repeat the Table for Time. What is the Ieng:th of the solar year to the nearavt 
second 1 What is the more aeeurate value in decimals 1 Into how many calendar 
months is the civil year divided f Repeat their names and the number of days be- 
longing to each. How often in general is an additional day added to February 1 
What are such years styled ? Is the rule of counting every fourth year Leap year 
correct 1 Are centennial years, which an not divisible by 400, Leap years 1 Was 
1800 a Leap year 1 Mention the next preceding and next following Leap year to 1800. 

It is very desirable to be able readily to determine the 
number of days from any psurticular date to any other date. 
For this purpose, ^e will give the following 



* There is still a further piodiiication which takes idaoe at tb« end of ereiy 1000 
yetia, wbicli H U anaeeessary to explain in thh place. 

12* 
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""oT 


TO TBI lAHI BAT OF ( 


3G5 31 59 


90 120 


151 I8l 3ia!24:i 273 


S 


334 


JlNUlRV, 


Fkbbijaht, 


334 3651 ^ 


59 89 


120)50,181812 842 

92 iaa;i53 184 314 


273 


303 


March, 


306 337:365 


31 «l 


M5 


nib 


AVR-t, 


275'306'334 


365 30 


Gl SlIl23|lS3:t83 


314 


344 


May. 


»5 


3761304 


335j365 


31, 611 92|]23,153 


184 


814 


Jdhe, 


ail 


ai5|2T3 


304334 


3651 30, 61 92 132 


153 1831 


Jhlt, 


164 


215243 


274 304133513651 3ll 63' 93;i2:t 


153 


Acocn-, 


153 


1842l2|243i2T3l3M3343C5: 3I| CI 93 
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tS3 


153181 3l2242;3T3:3033343ts! 30 Cl 


91 


October, 


92 


I23:i5l|l83'212;343 2:3304 335365 Si 


61 


NOVEMEKB, 


61 


9-2' 120,151 jlSl 1212 243 27a 304 334 365 


30 


Deceuser, 


31 


62 90 13) ISI 182,212 213 274.304 335 


365 



As an example, suppose we wish the number of days from 
November 6th to the ISth of next April. We find No- 
vember in the lefl'hctnd vertical columii, and April at the 
lop line of the table, and at the intersection we find 151 
days. So that from November 6th to April 6th is 151 
da^ ; consequently, adding 9, we find 160 for the number 
of days between November 6th and April 15th. 

This table is constructed on the supposition of 28 days 
- to February, When there are 29 days in Fefaniary the 
proper allowance muBt be made. 



1, How many dajfs from May 3i 
■ Jolyl 



to the 4th of the nexi 
Ans. 62 days. 
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2. How many days from July 4th to the 25th of the 
next December? Arts. 174 days. 

3. How many days from March 21st to the 23d of the 
next September? Ans, 186 days. 

4. How many 'days from September 23d to the 21st of 
the next March? Ans, 179 days. 

6. How many days from Jime 21st to the 22d of the 
next December ? Ans. 184 days. 

6. How many days from December 22d to the 21st of 
the next Jime? Ans, 181 days. 

7. How many days from March 21st to the 21st of the 
next June? Ans, 92 days. 

8. How many iays from Jan. 13th, 1848, to September 
1 7th of the same year ? Ans. 248 days. 

CIRCULAK MEASURE, OR MOTION. 

77. By this is estimated Latitude and Longitude, and 
the motion of the heavenly bodies which appear to move 
in circles. Every circle, whether great or small, is divided 
into 860 degrees. 

TABLE. 

60 seconds " . . . , make 1 minute, ' 

60 minutes '' 1 degree, ^ 

30 degrees ^ 1 sign, s. 

12 signs or 360® ....,** 1 circle, or. 

60= 1 o 
3600= 60= 1 s. 
108000= 1800= 30= 1 or. 
1296000=21600=360=12=1 
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The sun appears to pass completely around the earth 
in 24 hours, that is, it appears to move westward over 
360° of longitude in 24 hours. Consequently, in one hour 
it will move over ^ of 360°= 15° of longitude. Hence, if 
the difference in the longitudes of two places is 15°, it 
will be noon at the more easterly place, just one hour 
before it is noon at the other place. And in all cases, the 
difference in time of any two places will be at the rate of 
one hour for every 15° of longitude between the two 
places. As an example, suppose the city of Washington 
to be 77° west of Greenwich : it is required to find^what 
time it is at Washington, when it is noon at Green- 
wich. 

Dividing 77° by 15° we have 5 -^ for the number of 
hours difference in time, that is, 5h. 8m. And as the ap- 
parent motion of the sun is westward, it must be earlier at 
Washington than at Greenwich. Therefore, when it is 
noon at Greenwich, it is 5h. 8m. before noon at Wash- 
ington ; that is, it is at Washington 6h. 52m. A. M. 

What use is made of Circular Motion 1 Into how many degrees are all eirelaa 
•oppoaed to be divided 1 Repeat the Table. Over how many degrees of longitude 
^oes the sun appear to move in 34 hours ? Over how many degrees in 1 hour 1 
What is the difference of time corresponding to 77^ 1 When it is noon at Greenwich, 
what time is it at Washington, 77^ west of Greenwich 1 

78* Measures, &c., not included in the foregoing 
tables. 

6 points make 1 line ( used in measuring length of 
12 lines '< 1 inch r clock pendulum rods. 

4 inches " 1 hand ^ used in measuring the height 

I of horses. 

; feet « 1 fathom \ "^^ "* measuring depth, at 

( sea. 
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12 individual things make 

12 dozen " 

12 gross ** 

20 individual things " 

24 sheets of paper . ^ 

20 quires " 

112 pounds . . . . " 

200 « « 

196 



u 



u 



dozen. 

gross, 
great ^ross. 

score. 

quire. 

ream. 

quintal of fish. 

barrel of pork or beef. 

barrel of flour. 



Repeat the above taUec 



BOOKS. 



79* A sheet folded into two leaves is called a folio. 

" folded into four leaves is called a quarto, 
or 4to. 
folded into eight leaves is called an oc- 
tavo, or 8vo. 
folded into uwelve leaves is called a duo- 
decimo, or 12mo. 
folded into eighteen leaves is called an 
18mo. 



a 



a 



u 



When a ibeet it folded into two leaves what u it called 7 How called when folded 
into four leaves? How, when folded into eight leaves? How, when folded into 
twdve leaves? How, when folded into eighteen leaves? 



f 



REDUCTION.. 



80« Reduction is the changing of numbers from one 
name or denommation to another, without altering the&r 
ralut. 
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When the denominations are to be reduced from a 
higher denomination to a lower, it is called Reduction 
Descending; but when they are to be reduced from a lower 
to a higher denomination, it is called Reduction Ascending. 

REDUCTION DESCENDING. 
Let it be required to reduce £7 5s. lOd. 3 far. to farthings. 

OPERATION. 

7 the number of pounds. 
Multiply bj 20, the number of shillings in one pound. 

1 40 product in shillings. 
Add 5 shillings. 

145 the number of shillings. 
Multiply by 1 2, the number of pence in one shilling. 

290 
145 

1740 product in pence. 
Add 10 pence. 

1750 the number of pence. 
Multiply by 4, the number of farthings in one penny. 

7000 product in farthings. 
Add 3 farthings. 

7003 the number of farthings sought. 
From the above operation, we readily deduce this general 

. RULE. 

Multiply the number in the highest denomination by the 
number indieaUng how many of the next lower make one in 
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thai higher; to this product add the number, if any, belonging 

to this loirer dcnommation ; we shall thus obtain an equiva- 
lent value in the next lower denomination, 

II, Proceed in a similar way for all the successive de- 
nominations ; the last result will be the number sought. 

What ii Reduction 1 When is it called Descending 1 And when Ascending 1 
Repeat the rule for Reduction Descending. 

REDUCTION ASCENDING. 

81* Let it be required to reverse the last example, that 
is, to find the number of pounds, shillings, pence, and 
farthings, in 7003 farthings. 

.We must obviously perform a reverse operation to that 
performed under Reduction Descending. 

OPERATION. 

far. 
4 )7003 

1 7 50 J. Syar. remainder.' 

d. s, 
12)1750(145 
12 

55 

48_ 

70 
60 

10 J. remainder. 

s, 
2|0)14[5 

• £1 5s. lemainder. 
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Collecting results, we have 7003 farthings, equivalent 
totr 5s. 10 J. 3 far. 

EXPLANATION. 

First, we divide the number of farthings, 7003, by 4, 
because 4 farthings make one penny ; the quotient is 1 750 
pence, and 3 farthings remaining. 

Secondly, we divide the number of pence, 1750, by 12, 
because 12 pence make one shilling; the work being per- 
formed by Long Division, we get for the quotient 145 shil- 
lings, and 1 pence remaining. 

Thirdly, we divide the number .of shilHngs, 145, by 20, 
because 20 shillings make one pound ; cutting off the ci- 
pher from the right of 20, and the right-hand figure from 
the dividend, (Art. 80,) we perform the work by Short 
Division, and obtain the quotient, 7 pounds, and 5 shillings 
remaining. 

We may, therefore, deduce this general 

RULE. 

/. Divide the given number by as many of its denomina- 
tion as make one of the next higher ; write down thje quotient 
and remainder^ if c^i^y- 

JI. Divide th£ quotient by as many of its denomination 
as mxike one of the next higher ; write this new quotient and 
the remainder as before. 

Ill, Proceed in this way through all the denominations to 
the highest^ and the quotient last founds together with tJie 
several remainders^ if any ^ will give the value sought. 

BcpMt the Rolt for Boduetton AMeodlng . 
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EXAMPLES. 

I. In £47 6*. 2(L \far.^ how manj' farthings t 

OPERATION. 

£47 5s. 2d. Ifar. 
20 

945 shillings, 
12 



1892 
945 



11342 pence. 
4 

45369 farthings. 

S. In 118567 farthings, how many pounds, shillingi^ 
penee, and farthings i 

OPERATION. 

far. 
4 )118567 

29641 3 farthings. 

d. s. 

12)29641(2470 
24^ 

56 

IL 
84 

?1 

1 penny. 

2i0)247|0 

i:i23 10 shillings. 
18 
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Hence, 1 18567 farthings are equal to £123 10*. Id. Sfar. 

3. Re'lnce X75 to shillings. Ans. 1500^. 

4. Koduce 19a. Or/, to pence. Ans. *2o4(/. 

5. Reduce 15*. 3(£. 2 far. to farthings. Ans. 73 A far. 

6. In 48926 grains, Troj Weight, how many pounds. 
ounces, pennyweights, and grains ? 

Ans. Sib. box, ISpwt. l^gr. 

7. In 3605 pennyweights, how many pounds, ounces, 
and pennyweights? Ans. I5lb. Ooz. 5pwt. 

8. In 1000 ounces, Troy Weight, how many pounds and 
ounces? Ans. S3lb. 4oz, 

9. In 4/6. 6oz. IZpwt. 5gr. how many grains ? 

Ans. 26237^. 

10. In 100/5. Igr. how many grains ? 

Ans. 57600lgr. 
11 In41b 5? I3 how many drams ? Ans. 425 3. 

12. In 1000 grains; Apothecaries' Weight, how many 
ounces, drnms, scruples, and grains? Aits. 2f O3 2 3. 

13. In 11521 grains. Apothecaries' Weight, how many 
pounds ? Ans. 21b0f0303l^r. 

14. In 873450 drams. Avoirdupois Weight, how many 
tons? Ans. IT. lOcwt. Igr. 23/5. 14o^. lOdr, 

15. Reduce 5ewt. 21/5. ioz. to ounces. 

Ans. 9300 oimces. 

16. Reduce IT. Icwt. Idr. to drams. 

^n*. 602113 drams. 

17. Reduce 856702 drams to tons. 

Ans. IT. 9cwt. Sqr. 14/5. 7oz. 14 Jr. 

18. In 4355 inches, how many yards ? 

Ans. I20yds. 2ft. llin. 

19. In 248 miles, how many inches ? 

Ans. 15718280 incheo. 
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20. How many inches in '360 degrees of. 69^ miles to 
each degree, which is the circumference of the earth, 
nearly. Ans. 1577664000 inches. 

21. In 12121212 barleycorns, how many miles ? 

Ans. 63iwi. 6fur. 6rd. Oyd. \ft. 4i7i. 

22. Reduce 12 Ells French to nails. Ans. 288 nails. 

23. Reduce. 11 Ells English, 3 quarters, to quarters. 

Ans. 58 quarters. 

24. Reduce 10 Ells Flemish, 3 quarters, 1 nail, to nails. 

Ans. 133 nails. 

25. Reduce 4 yards to quarters. Ans. 16 quarters. 

26. In 1000 nails, how many yards ? Ans. 62i/ds. 2qr. 

27. How many inches in 6 yards, 3 quarters ? 

Ans. 243 inches. 

28. How many square inches in 10 square feet ? 

^71^. .1440 square inches. 

29. In 3 square miles, how many square rods or poles ? 

Ans. 307200P. 

30. In 3 acres, 27 rods, how many square feet ? 

Ans. 138030^ square feet. 

31. In 26025 square feet, how many square roods ? 

Ans. 2R. 15P. \6li sq.ft. 

32. In 70000 square links, how many square chains ? 

Ans, 7 square chains. 

33. How many square links in 5 acres ? 

Atis. 500000 square links. 

34. In 17 cords of wood, howvmany cubic feet? 

JMk 2176 cubic feet. 

35. In 17 tons of round timber, how many cubic inches ? 

Ans. 1 175040 cubic inches. 
86. Reduce 17900345 cubic inches to tons of hewn tim- 
bot Ans. 207 Tong,8cubic feet, 1721 cubic inches. 
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37. In 1000 cord feel of wood, how manj cords? 

Arts. 125 cords. 

38. In 19 cubic feet, how manj cubic inches ? 

Ans. 32832 cubic inches. 

39. In 16 hogsheads of wine, how many gills? 

Ans. 32256 gills. 

40. In 10000 gills of wine, how many barrels % 

Ans. 9 barrels 29 gallons. 

41. Reduce 2 pipes, 7 barrels, 3 quarts of wine, to pints. 

Ans. 3786 pints. 

42. Reduce 31752 gills of wine to barrels. 

Ans. 31 barrels, 15 gallons, 3 quarts 

43. Reduce 201600 gills to tuns of wine. 

Ans. 25 tuns. 

44. Reduce 1 1 hogsheads of beer to pints. 

Ans. 4752 pints. 

45. In 100000 pints of beer, how many hogsheads? 

Ans. 231 hogsheads, 26 gallons. 

46. In 10 hogshead^ 1 quart, 1 pint of beer, how many 
pints? Ans, 4323 pints. 

47. In 36 bushels how many pints ? Ans. 2304 pints. 

48. In 25 chaldrons 29 bushels, how many quarts ? 

Ans. 29728 quarts. 

49. In 10000 pints, how many chaldrons ? 

Ans. ich. I2bu. Ipk. 

50. In 1597 quarts, how many bushels? 

Ans. 49hu. 3pk. 5qt, 

51. In 30 days, hdw many seconds ? Ans. 2592000 jec. 

52. In 19 years of 365-}- days each, how many hours ? 

Ans. 166554 hours. 

53. In 25 years 6 days, how many seconds ? 

Ans, 789458400 seoondf. 
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54. How many days from the birth of Christ to Christ- 
mas, 1843, allowing the years to consist of 365 days 6 
hours? Ans. 673155 days 18 hours. 

55. A person was bom May 3, 1795. How many days 
old was he May 3, 1821, ^ying particular attention to 
the order of leap year ? Ans. 9496 days. 

56. Suppose a person was bom Febraary 29, 1796; 
how many birthdays will he have seen on Febmary 29, 
1844, not counting the day on which he was born ?• 

Ans. 1 1 birth-days. 

57. In 3 signs 18 degrees, how many seconds? 

Ans. 388800". 

58. In 6 signs 9 degrees, how many degrees ? 

Ans. 1890 

59. In lOpO' how many degrees ? Ans, 16o 40'. 

60. In 10000" how many degrees ? Ans. 2^ 46' 40''. 
6i. Reduce 45° 45' 35" to seconds. Atis. 164735". 

62. In 1000 things, how many dozen ? 

Ans. 86 dozen and 4 over. 

63. How many buttons in 6^- dozen ? 

Ans. 76 buttons. 

64. In 80000 tacks, how many gross ? 

Ans. 555 gross, 6 dozen and 8. 

65. In three score and ten years, how many years ? 

Ans. 70 years. 

66. In 15 quires of paper, how many sheets? 

Ans. 360 sheets. 

67. In a ream of paper, how many sheets ? 

Ans. 480 sheets. 



* ft nmit b« recollected that the year 1800 wni a common year, having no 99lh of 

13* 



OPERATION. 


£ 


8. 


d. 


far. 


6 


5 


3 


1 


7 


1 


10 


2 


1 


13 


5 





4 


18 





2 



£19 18*. 7d l/flf. 
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. ADDITION OF DENOMINATE NUMBERS. 

83. If we wish to find the sum of £6 5*. 3rf. 1 far.^ 
£7 1*. lOci. 2/ar., £1 13*. bd., £4 18*. 0(/. 2/ar., we pro- 
ceed as follows : 

Placing the numbers of the same 
denomination directly under each 
other, we add up the column of far- . 
things, which we find to be 5. But 
we know that 5 farthings are equiv- 
alent to 1 penny and 1 farthing; 
we therefore write down the 1 far- 
thing under the column of farthings, 
and carry the penny into the next column, whose sum 
thus becomes 19 pence, which is the same as 1 shilling 
and 7 pence ; we write down the 7 pence under the col- 
umn of pence, and carry the shilling to the column ol 
shillings ; whose sum then becomes 38 shillings, which 
is the same as 1 pound and 18 shillings ; we write down 
the 18 shillings under the column of shillings, and carr; 
the pound into the column of pounds, whose sum iher 
becomes 19 pounds ; and since pounds is the highest dc 
nomination, we write down the whole. 

From this example we may deduce this general 

RULE. 

/. Place the numbers so thai those of the same donomina' 
tion may stand directly under each other, and draw a lint 
beneath them. 

II. Add the numbers in this lowest denomination ; dividt 
their sum by the number expressing how many it takes oj 

bA denomination to make one of the next higher Writi 
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ihe remainder under the column added, and carry the quth 
tient to ihe next celumn ; which add as before. 

III. Proceed thus threugh cdi the denominations to the 
highest^ whose sum must be set down entire. 

How do yon plaoo denoainate Buaiben which are to be ftddedt Which do yov 
first add ? HaWof «dd«d the eohuui of leweat deRom ieatioet, ex^in the lolMeqtteal 
work. 

EXAMPLB& 

• 

£ s. d. 

7 13 3 £ s, d. £ s. d. 

3 5 lOi 11 5^ 5 5 5 
6 18 7 2 4 4 8 1 7i 
025i 056i 20 li 

4 3 13 4 13 Hi 
17 15 4i to 10 10 6 6 6 



39 15 9f 


25 4 5f 
TEOY WEIGHT, 


34 14 8 


ib, oz, pwt. gr. 


lb. oz. pwt, gr. 


C6. ax, pwt, gr. 


10 10 10 10 


6 5 4 1 


7 3 5 


2 23 


1 11 19 13 


11 2 17 22 


3 17 


3 4 


40 20 


^210 


8 9 12 


2 10 15 17 


1 2 20 ' 


4 4 19 


6 18*16 


17 3 12 5 


21 10 2 20 


61 11 18 8 



APOTHECARIES' WEIGHT, 

fb i Z 3 gr. fc ?33 z' B gr. 



8 10 


7 


2 


19 


2 


11 


6 





1 





18 


10 


6 





10 


10 


8 


3 


1 


2 


1 


15 


1 


2 


1 


15 


14 


10 


2 


2 


3 


2 


13 


5 1 


2 


1 


15 


« 


6 


5 





4 








8 


5 


1 


13 


7 


5 


4 


1 


6 


1 


7 



^2 3 2 12 36 6 5 1 18 13 
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AVOIRDUPOIS WEIGHT. 

tan, ewt. qr. lb. 09. dr. cwL qr, lb, oz. 

10 18 2 25 15 1 4 3 20 5 

1 15 14 15 • 5 12 3 
12 1 3 10 12 8 

13 27 1 11 3 25 13 

2 2 2 7 8 1 2 20 10 

27 9 3 1 7 13 14 23 7 



LONG MEASURE. 



L. mi. fur. 


rd. yd. 


rd. yd. fU 


tn. 


t 2 6 


37 4 


10 4 2 


8 


6 


30 5 


1 3 


5 


1 4 


3 


8 2 1 


6 


2 1 


1 


1 1 


4 


3 2 


25 1 


2 1 


9 



14 05 15 2 22308 



CLOTH MEASURE, 



}fd. qr. na. 


E.Fl 


qr. 


na. 


E.E. 


qr. 


na. 


15 I 2 


3 


2 


3 


4 


2 


2 


13 3 


15 


1 


2 


10 


1 


1 


20 2 2 


9 


2 





9 


2 





3 


8 





1 


13 





2 


8 1 1 


10 








15 


1 


1 



58 1 47 2 52 



SQUARE MEASURE. 



Kyd. I 


Sq.fi. 


Sq, in. 


M. A. 


R. 


P. 


100 


8 


130 


100 


1 


30 


50 





100 


10 600 


2 


10 


to 


5 





8 40 


1 


12 





8 


143 





3 


2 


13 


2 


8 


4 4 





20 



175 7 93 28 106 34 
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SOLID, OR CUBIC MEASURE. 

S, yd. S. ft. S. in. C. S. ft. C. Card ft. 

4 26 1000 10 120 3 7 

1 10 1541 8 100 10 4 

20 80 2 80 12 1 

10 17 11 119 8 6 

8 25 59 12 6 15 3 

26 18 963 35 41 50 5 



WINE MEASURE. 



hhd. 


gaL qt. pt. 


tun. pi. hhd. gal. qt. pt. gi. 


4 


30 3 1 


11 1 37 3* 1 3 


10 


25 1 


10 50 1 2 


25 


2 


11 1 13 1 1 





60 1 


4 1 25 2 


13 


45 3 


8 1 18 1 3 



54 36 1 1 36 1 19 1 1 



ALE, OR BEER MEASURE. 



hhd. gal. qt. pt. 
2 50 3 1 


bar. gal. qt, 
10 30 1 


10 30^ 1 


6 20 


11 25 1 


1 5 2 


25 1 1 


10 .0 3 


6 52 3 1 


4 35 1 


56 52 1 1 


33 19 3 


DRY MEASURE. 


eh. hu. ph. qt. pt. 
1 30 3 7 1 


hu, pk. qt. pt 
10 1 1 1 


35 2 3 


2 3 6 


10 19 1 1 


5 2 3 


5 10 2 4 


8 1 


4 4 5 1 


15 2 4 



22 28 2 4 1 42 1 7 



154 



I . 



I: 
I 







da. tr. ft. JR. 


wk da. 


ir. 


m. jfft 






15 I? 50 49 


I i 


13 


40 3€ 






I 13 59 » 


i 6 


10 


8 S 






4 -a i 


5 


±2 


55 45 






li} IL t 4 


:i 3 


4 


1 U 






t 10 15 


1 :i 


4 


5 G 






» il i 9 


S 6 


6 


50 3: 




dRULAft XXA 


SURE. OR MCriOJf. 




^Smm 


g a ' a 


& o ' 




Q ' 




i 


d fi3 40 35 


1 :25 2 




13 1( 







11 I -2 43 


IS 50 




I 4< 




1 


. 29 59 


a 5 39 




2 4^ 







I 10 13 5 


4 4 




3( 







2 5 4 3 


4 15 10 
9 S 45 




10 4i 


1* 


4 


11 59 -26 


2S 5^ 


Ir 

r 








■ 



8UBTRACTI0S OF DEXOXISATE NU¥] 



If we wish to subtract £15 13j. lOdL f 
5s, Sd.y we proceed as follows : 

OFERATIOH. 



£ 9. d. 

20 5 8 

15 13 10 

4 11 10 



We place the numbeis of the su 

diiectljr under the numbers of t 

denomination in the minuend, an< 

line underneath. Conunencin^ ' 

pence, we see that we cannot subt 

from 8J. ; we therefore increase tl 

12 J. making 20rf. ; then subtracting lOrf. from t 

we have the difference lOef.,' which we write u 

oolumn of pence. Having added \2d. to the min 

'**^ •^lually increase the subtrahend, which 'w 
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• 



adding Is. (the same as the I2d.,) to the 13*., makii.g 14& 
This cannot be subtracted from 5*. ; we ther^ore increase 
the 5*. by 20s., making 25*. Now, subtracting 14*. fronk 
25*. we hare 1 1*., which we write under the column of 
shillings. Before subtracting the pounds, we add jE^l to 
^15 to compensate for the 20*. added totbe^*., and then 
say £16 from £20 leaves £i. 

Note. — It wifl be seen that Ais process is simUar to that in 
the " shorter and more practicar example of simple subtraction, 
(Art. 12.) But the preceding subtraction might be also per- 
formed as in tke second example of simple subtraction. 

Hence, we have this general 

RULE, 

/. Place the less numher under the greater, *» that the 
same denominations may stand under each other ; draw a 
line below them. 

II. Begin at the right, and subtract each number in the 
lower line from the one directly above it, and set the re- 
mainder below. 

III. If any number in the lower line is greater than the 
0ne above it, add so many to the upper number as make one 
of the next higher denomination ; then subtract the lower 
number from the upper one thus increased^ and set down the 
remainder. Carry 1, expressing the increase of the upper 
line, to the next number in the lower line ; after which sub' 
tract this number from the one above it, as before ; and thus 
proceed till all the numbers are subtracted. 

PROOF. 

If the work be right, the difSsrence added to the sub- 
trahend will equal the minuend ; tm in simple subtraction. 



156 « CLCIIEIITAKT ARITHllETIC. 



T. etot. qr 


. lb, oz. dr. 


A. R. P. 


13 18 1 


20 13 


69 3 25 


10 3 


21 12 


to 38 


S 17 1 


26 4 13 


59 2 27 


ft ? z 
24 7 2 


3 gr. 
1 16 


L. mi.fiir. rd. 
16 2 7 39 


16 10 3 


2 17 


5 7 8 


7 8 6 


1 19 


11 t 31 


E. Fr. qr. na. 
10 5 


ch. bu. ph. qt. pt. 
30 10 1 1 


5 


1 3 


10 8 3 6 1 


6 


3 1 

\hd. gal. qt. 
1 50 1 


20 112 1 


tun. pi. ] 
10 1 


da. hr. m. sec. 
100 10 1 


1 


60 3 


60 40 45 


9 1 


52 2 


40 9 19 16 


yr. mo. 


wk. da. 


mi. fur. rd. 


17 8 


3 I 


60 


4 1 


2 6 


40 7 39 


13 7 


2 


19 1 


C. S.ft. 
45 126 


C. Cord ft. £ s. d. 
100 6 50 1 


10 127 


80 


7 30 10 10 


34 127 


19 


7 19 9 3 


• EXERCISES IN ADDinON AMD SUBTRACTION. 



1. Bought 20 yards of bioadcloth for £1^ bs. I 
poaad§ of feathers for £% ^. 4d.^ lOQ yaidt carpetii 
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;^45 17*. 8 J., 10 pieces of cottoii cloth for £S ISs. Irf., 
50 yards'of calico for £2 Os. lOrf. What was the cost of 
the whole ? Ans. £83 is. 2d. 

2. Bought four hogsheads of sugar, weighing as fol- 
lows : 1st weighed 8cwt. \qr, 23lh. lOoz. ; 2d weighed 
9cM?f. 2qr, Olb. Soz. ; 3d weighed lOcwt Oqr. Olb. Soz. ; 4th 
weighed Scwt. Sqr. 27/6. How much did the four weigh ? 

Ans. 36ctDt. Sqr. 23lb, 5oz. 

3. A man owns three farms ; the first contains 69 acres, 
3 roods, 10 rods ; the second contains 100 acres, 5 rods ; 
the third contains 150 acres, 2 roods. How many acres 
are there in all? Ans. 320 A. IR. 15P. 

4. Suppose a note given August 3d, 1838, to be paid 
November 10th, 1843. How long was the note on interest^ 
if we count 30 days to the month ? and how long if the 
time is accurately computed? 1st Ans. 5yr. 3mo. 7 da, 

2d Ans. 1925 days. 

5. A person buys 15c«7^. 3qr. 20lb. of sugar, and sells 
lOct0/. Oqr. Wlb. How much remains unsold? 

Ans. 5cwt. 3qr. 9lb, 

6. From a piece of cloth containing 37 t/d. 3qr. 2n., there has 
been taken at one time ^d. \qr.y at another time lOyJ. 3^. 
3na. How much then remains? Ans. 20yd. 2qr. 3na. 

7. From a pile of wood containing 100 cords, I sold at one 
time IOC. \00 S.ft^ at another time I sold 18C. 59 5.^^. 
How many cords remain unsold? Ans. 70 C. 97S.ft. 

8. A farmer raises 1005k. 3pk. 2qt of wheat from one 
field, S7bu. Ipk. \qt. \pt. from another field ^ he sells 535u. 
to one person, and 37bu. 2pk. \qt. to another person. How 
many bushels has he remaining ? Ans, 97bu. 2pi. 2qt \pt. 

9. Bought 5 loads of coal. The first weighed 2056 

pounds, the second weighed 2250, the third weighed 2240, 
■ 1 11 



I mil ■ ,Lmjm 
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the fourth weighed 2310, the fifth weighed 2330. What 
was the entire weight ? And how many tons of 2OO0 
pounds each ? . ( 1 1 1 86 pqunds. 

^' ( 5-593 tons. 

10. A person engages to build 100 rods, and It) feet of 
stone fence. At one time he builds 17 rods, 5 feet ; at an- 
other time he builds 37 rods, 15 feet. How much still re- 
mains to be built ? Ans. 45 rods, 6^ feet. 

11. How much cloth in three pieces, ritteasuring as fol- 
lows : first piece 37 yards, 3 quarters, 1 nail ; second piece 
41 yards, 1^ Flemish Ells ; third piece 43 yards, 1^ English 
Ells? Ans. \2ii/ds. 3qr. Ina. 

12. Bought 3 loads of wood.^ the first was 8 feet long, 
4 feet wide, and 3 feet high ; the second was 7 feet long, 
4 feet wide, and 2 feet high ; the third was 9 feet long, 3 
feet wide, and 3 feet high. How many solid feet in the 
whole ? How many cord feet, and how many cords ? 

233 cubic feet. 

Ans.-^ ^ 14 cord feet, 9 cubic feet. 

1 cord, 6 cord feet, 9 cubic feet. 



I 






MULTIPLICATION OP DENOMINATE NUMBERS. 

8«5« If we wish to multiply £13 5s. lOd, by 5, we pro- 
ceed as follows : 

OPERATION, f First, we say 5 times 10 J. is 60<l., which 
£ s. d. equals is. and 2d. ; we set down the 2d. and 
13 5 10 reserve the 4*. to carry into the next column. 

5 We then say 5 times 5*. equals 25*., to 

66 9 2 which adding the 4s. we have 29#., which 
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equals £i 9s.] we set down the 9^. and reserve the £l 
to carry to the next denomination. Finally, we say 5 times 
jC13 is £65, to which adding the J^l, we have £06 ; this 
being the highest denomination, we set it down entire. 
Rente this general 



RULE. 

/. Set the multiplier under the lowest denomination of the 
multiplicand, and draw a line below it. 

II, Multiply the number in the lowest denomination by 

m 

the multiplier ; divide the product by the number expressing 
how many it takes of sucH denomination to make one of tlie 
next higher. Write the remainder under the number multi- 
plied, and reserve the guotient. Then multiply the number 
in the next higher denomination by the multiplier, and to the 
product add the reserved quotiefit. Divide 'as before, writing 
down the remainder, and carrying the quotient. 

HI, Proceed in like manner to the highest denomination, 
of which the entire product must be set down. 

In Maltiplication of Denominate Nnmben, where do yon set the multiplier? 
Which denominate valae do you first multiply 1 After finding in the product the 
anmber of units of next higher order and also what remains, where do you place the 
remainder 1 and what do you do with the units of next superior order 1 Repeat tht 
iwt of the Rule. 



(1.) 

£ s. d. 

10 10 10 
8 


EXAMPLES. 

• 

ewt. qr. 
8 

r. 


(2.) 

lb, oz. dr, 

2 4 5 
6 


31 12 6 


2 


8 


13 ^ \\ 
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3. In 3 hogsheads of sugar, each contaiiiing \^ 
Sqr. 5/6., how many hundred weight ? ' y 

Ans. 32ctof. 1^. 15ft. 

4. How much cloth will it take for 7 suits of ckMkiil'^ 
if each suit require 7yd. 3qr. Ina. ? 

Ans. 54yd. 2^. 3m. 1 ' 
6. How much wood can a horse draw in 13 loads, if i"^' 
draw IC. 195.//. at each load? Ans. 14C. \19S.JI 

6. How long will it take a man to saw 6 cords of 
if he employ 7hr. 30m. i5sec. to saw one cord, allo^ 
1 working hours for each day ? 

Ans. 4da. 5hr. Am. SOsec. 

7. The circumference of a wheel is 15 feet 2 incbetl 
What distance will this wheel measure on the ground, if | 
it is rolled over 365 times ? Ans. Imi. 255ft. lOtii. 

8. Allowing the year to consist accurately of 365 daji|| 
5 hours, 48 minutes, 49^^ seconds, what will be the 
length of 1843 years ? Ans. 673141<fa. lOAr. 44m. 28i«fc| 

When the multiplier is a composite number, we ma;,! 
as in simple numbers, multiply successively by the coiD' 
ponent parts. 

9. What will 35ctot of cheese cost, at \5s, 6d per 
hundred weight T 

OPERATION. 

£ s. d. 

15 6 cost of iewL 
6 

3 17 6 cost of 5ctor. 
7 x7 



27 2 6 cost of dSctD*. 
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10. How much brandy in 8Api., each containing \2Sgal 
2qt. \pt. 3gi.l Ans. 10812^a/. Iqt. \pt. 

11. In 21 loads of wood, each IC. IC.ft, how many 
cords? Ans. 23 C. 5C.ft. 

12. Suppose the piston rod of a steam engine to move 
^Ji. 4tn. \b. c. at each stroke. Through what distance will 

it move in making 1000 strokes ? Ans. 336 1/^ lin. \b. c. 

13. Bought as follows : 
lb. 

18 of green tea, at 

12 of raisins, " 

27 of loaf sugar, " 

15 of English currants," 
14 of citron, " 

What is the amount of the whole purchase ? 

Ans. Jeir 13^. 3<f. 

14. What is the amount of the following bill of g^oods ? 



s. 


d. 


12 
1 


3 per pound. 
2 « « 


1 


^ Ur a 


2 


3 a a 


3 


6 « " 









£ s. d. 


15 yards 


of broadcloth, 


at 


1 3 6 per yard. 


12 « 


« silk. 


« 


18 3 " " 


20 « 


" calico, 


(( 


1 9 a « 


24 « 


^ sheeting. 


u 


1 3 a tt 


22 " 


" muslin. 


u 


3 4 «. « 
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L Let it be required to divide J^^'lOO 10^. 3d. equally 
9mmg 17 men. 14* 
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EXPLANATION. 

First, we say 17 in jGIOO, is 
contained 5 times and JC15 re- 
maining; and since these JC15, 
as well as the 10^., are yet to be 
divided among the 17 men, we 
reduce the pounds to shillings, 
and add the 10^., making 310^. ; 
we find 17 to be contained 18 
times in 310^. with 4*. remain- 
der. We reduce the 4*. to 
pence, and add the 3(f., making 
5 id., which divided among the 
17 men, gives 3d each. 



OPERATION. 

17)jeiOO 10^. Zd.{£B 
85 

15 
20 



17)310(18^. 
17 

140 
136 

4 

12 

17)5T(3ci. 
51 

Collecting, we have 
£5 ISs. 3d. 



Note. — ^We do not divide 100 pounds by 17 men, which is im- 
possible; but -we separate ^6100 into 17 equal parts. Each part is 
expressed by the quotient, and contains £5, (Art. 64. Note.) 

Or, adhering to the general definition of Division, (Art. I23 and 
Art. 64,) we suppose a pound set apart for each man, and then 
find how many times jei7, the number thus set apart, is contained 
in ;6100 ; the quotient wiU be an abstract number. The answer 
will, of course, be as many pounds to each man as there are parcels 
of ;ei7 in jeiOO; that is, as there are units in the quotient. 

Had the divisor been one of the nine digits, the work might have 
been performed by Short Division. 

We therefore have this general 



RULE. 



/. Place the divisor on the left of the dividend, as in Sim- 

fiU Division. Begin at the left-hand and divide the number 

'^fthe highest denomination by the divisor. Reduce the re- 
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mainder, if any, to the next lower denomination, to which add 
the number of the dividend expressing that denomination, 
and then divide the sum by the divisor. 

II. Proceed in the same toayfor all the denominations. If 
there is a remainder after the last division, place it over the 
divisor, and annex it in a fractional form to the quotient. Each 
quotient will be of the same denomination as its dividend. 

HaTing placed the diTisor as in Simple Division, how do 70a proceed 1 When, In 
diridinf any partieular denomination, there is a remainder, how do 70a dispose of it 1 
Of what denomination will the reqiectiTe quotients be 1 

EXAMPLES. 



yd. 
7)25 


(1) 

qr. na. cwt. 
3 1 9)27 


qr. 
3 


(2.) 
lb. 
26 


oz. 
13 


dr. 
9 




3 


2 3 3 





12 


5 

• 


1 




• 


(3.) 
lb, oz. pwt. 
13)10 8 16 
12 


S(0lb.9oz.lSpwt, 


^tI^- 




13)128(90;?. 
117 














11 














20 










* 




l3)236(18ptot 
13 










• 


% 


106 
104 

2 
24 

13)51(311^. 
39 




• 










12 remainder. 
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(4.) 

mi: fur, f^. yd. fi.fni.fur. rd. yd 

23)100 4 90 U 2(4 2 39 3 
92 

8 
8 



23)68(2/tir. 
46 

22 

.40 



23)910(39rd. 
69^ 

220 
207 

"13 



23)73 (3yrf. 
69 

4 
3 



23)14(0//. 
12 

23)168( 7/,m. 
161 

7 remainder. 



6. Divide lOtuns 2hhd. 17 gal 2pt. by 67. 

Ans, S9gc 

6. Divide 51^1. IR, UP. by 61. Ans. lA. Oj 

7. Divide 4gal. 2qt. by 144. An, 
B. Divide ^^113 13*. 4<f. by 31. Ans. £3 V 
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9. Divide 673141^1. 9hr. 58m. 24wc. by 1843. 

Aha Z65da. 5A. 48m. 48^ ec. 

10. Divide'lmi. 255^21. IQwi. bj 365. Ans, 15//. 2tn. 
When the divisor is a composite number, we may divide 

by the factors of the number successively. 

11. Bought 15 sheep for £5 12*. 6. "How much did one 
sheep cost ? 

FIRST OPERATION. SECOND OPERATION. 

£ s. d. £ s. ' d, 

3)5 12 6 cost of 15 sheep. 5)5 12 6 cost of 15 sheep. 

5)1 17 6 cost of 5 sheep. 3)1 2 6 cost of 3 sheep. 

7 6 cost of 1 sheep. 7 6 cost of 1 sheep. 

From this example, we see that it makes no difference 
which factor is first used. 

12. \i2^yds. of cloth cost £\^ 6s., how much is -that 
per yard? . Ans, \5s, 3d, 

13. From a piece of cloth containing l2Syds. Iqr., a 
tailor made 18 coats, which took one third of the whole 
piece. How many yards did each coat contain ? 

Ans, 2yds. Iqr. 2na, 

* 

87. QUESTIONS INVOLVING THE POUR PRECEDING RULES. 

1. Twenty-four men agree to construct 7mi. I fur. 2ird, 
of road ; after completing ^ of it, they employ 8 more men. 
What distance does each man construct before and after 
the 8 men were employed? . { I6rd. before. 

^^' I I fur. 20rd. after. 
. 2. A silversmith has seven tea-pots, each weighing lib. 
3oM, l^pwt llgr. What is the whole weight? 

Ans. 9lb. Xoz, l^pwt. Sgr. 
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8. What is ihe weight of the following coins: 10 
guineas, each weighing, 5 pwt. 9 ^ grains ; 7 sovereigns, 
each weighing 1 pwt. 8} grains? 

Ans. 3oz. 3pwt. S}gr. of gold. 

9. What is the weight of 13 crowns, each weighing 
18 pwt. 4t4- grains ; 14 shillings, each weighing 3 pwt. 
15-ft- gr. ; 9 sixpences, each weighing 1 pwt. 19t^ gr. ? 

Ans. lib. 3oz. 3pwt. I5^gr. of silver. 

10. In one eagle there is 232-A- grains of pure gold, 
12t^ grains of silver, and 12-ft- grains of copper, and the 
same proportions of gold, silver and copper, from all other 
American gold coin. In 10 eagles, 7 half-eagles, 5 quarter- 
eagles, how manj grains of gold, silver and copper ? 

[3424-95 gr. ofaold. 
Ans.^ 190-275 gr, of silver. 
190-275 ^r. of copper. 

11. One pound of pure gold is sufficient for how many 
dollars of gold coin, if it require 23*22 grains for one 
dollar? ^n:y. 248-062 dollars. * 

12. One pound of pure silver is sufficient for how many 
dollars of silver coin, if it require 371-25 grains for one 
dollar? Ans. 15-515 dollars. 



<Mf„. 



DENOMINATE FRACTIONS. 

88* .Under Art. 04, we defined a denominate num- 
ber as one whose unit has reference to a particular thing. 
For a similar reason, a denominate fraction is a part of a 
unit having reference to a particular thing. Thus, | of 
a jud ia a denominate fraction, expressing a part of the 
paitienlar unit one yard ; f of a pound ia «Aao ^ ^«*cv<cs^- 
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for the mile 8 times the furlong. Therefore a corn- 
id fraction representing what part of a mile an inch is, 
Jd be j^ of ( 1 H- Y= )A of iV of f So that the frac» 

•f of an inch, which is to be changed to the fraction 

mile, must be multiplied by the compound fraction 

obtained. Consequently we have 

. . , > 1 ^ 1 1 1 ^ ., 

M an mch = -x--:X — X — x-= of a mile. 

8 Xt 33 40 8 168960 

2 

I the question had been the reduction of -f of a mile to 
fraction of an inch, the fraction would have been 

- ., 3 12 /161 \33 40 8 ^^^^^ . 

of a mile=-x — xl — ^ = )--x — x -=23760 m. 

8 1 V 1 /2 1 1 

Trom what has been done we may deduce this 

RULE, 

\. When the given fraction is to be reduced to a higher 
omination, multiply it hy a compound fraction^ whose terms 
the reciprocals of the numbers that indicate the increase 
value of a unit of the successive denominations included 
veen the denomination of the given fraction and the one 
ohich it is to Jbe reduced. 

IL When the given fraction is to be reduced to a lower 
nomination, multiply it by a compound fraction, whose 
ns have units for their denominators, and for numerators 
number's that indicate the decrease in value of a unit of 
successive denominations included between the denomina- 
I of the given fraction and the one to which it is to be 
uced. 

EXAMPLES. 

2. Reduce nhrv of a day to the fraction of a second. 

15 
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In this example, the decrease, in vahie of a unit of ))&o 
successive denominations between a solar day bM a 
i^ond, are 24 (hours.) 60 (minuies,) and 60 (seconds.) 
Hence the compound fraction will be -V* of -V o^ V> 
which, multiphed by the given fraction becomes 

3 24 60 60 
X — X — X — . 



11520 1 1 1 

Cancelhng, successively, 60 and 24, factors conunon to 
numerator and denominator, we have first 

3 24^0 60. 3 U tt 60 
X — X — X — ; then — —-X — x — x — . 



XX$tt 111 XX$tt 1 1 1 
192 Xtt 

8 

Finally, cancelling the factor 4, which is common to 
the numerator 60, and the denominator 8, we have 

15 

3 U W 00 45 - 

X — X — X — =— of a second. 



XX$t0 1112 

X$t 



2 

We have been particular to give the complete work of 
cancelling in these examples, by writing down the whole 
work at the successive stages of operation. In practice, 
the expression need not be written more than pnpe. With 
a little practice the pupil will be able to strike out the 
common factors with accuracy and despatch. 

Reduce iVjt of a pipe of wine to an equivalent frac- 
tion of a gill. 

In this example, the successive denominate values be< 
tween a pipe and a gill are 2 hogsheads, 63 gallons, 4 
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\iS(tBy 2 pints and 4 gills ; therefore, our compound frac- 
ion lb -f of ^ of -f- of f of f , which, multiplied by the 
:iven fraction, becomes toV^ o^ f o^ V^f f of f of f ; this 
lecomes, after cancelling like factors, I gill. 

4. Reduce -^H* o^ ^ J^trd to a fraction of a mile. 

Ans, 4 /o a ' 

5. Reduce -f^ of a gill to the fraction of a gallon. 

Arts, tJt' 

6. Reduce fff o^ a pound to the fraction of a ton. 

■ 

7. Reduce -|- of a mile to the fraction of a foot. 

Ans. 1760 feet. 

8. Reduce jt of -J- of f of a yard to the fraction of a 
mile. Ans. ae 96 a - 

9. Reduce -J- of -i- of ^ of a gallon to the fraction of a 
gill. Ans. -f-. 

10. Reduce •} of -J- of a hogshead of wine to the fraction 
of a gill. Ans. -^^=597+. 

1 1. Reduce -J of f of 4-i- yards to the fraction of an inch. 

Ans.-^^=3i^. 

12. Reduce -f of -ft of a farthing to the fraction of a 
shilling. Ans. tsSt- 

13. Reduce -fy of an ounce to the fraction of a pound 
avoirdupois. Ans. -yfr* 

14. Reduce f of i of 1 rod to the fraction of an inch, 
of a foot, and of a yard. r-«^f^= 129+^ inches. 

^ns.i Vi^= lOfifeet. 
. ^=> 3fJ- yards. 

15. Reduce -j^ of f of 1 hour to the fraction of a month ^ 
of 80 inja, and to the fraction of a year of 365 days. 

^^ (-tAt of a month. 
' < rrirv of a year. 
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• 90. To find what fractional part one quantity is of an- 
other of the same kind, but of different denominations. 

Suppose we wish to know what part of 1 yard, 2 feet 3 
inches is. We-^duce 1 yard to inches, which gives 1 
yard =36 inche^ "»we .aido'reduce 2 feet 3 inches-to inches, 
which gives ST'feet 3^ it>ches=27 inches. Now, it is ob- 
vious that 2 feet 3 inchj^s: is. the same part of a yard that 
27 is of 36, which is |f =i. 

Hence, we deduce this ' -;' 

RULE. • 

Reduce the given quantities to the lowest denomination 
mentioned in either. Then tak^ the number which expresses 
the quantity of which the other is tv be the fractional part^ 
for a denominator, and the other number for a numerator^ 
and the fraction thus formed will denote the fractional pari 
sought, 

EXAMPLES. 

1. What part of £^ As. \d. is 2*. 6rf.? 

In this example, the quantities, when reduced, becom( 
£^ As. l(i.=769c?.; and 2^. 66?.=30(i. ; therefore, -^ it 
the fractional part which 2*. Qd. is of ^3 4*. \d. 

2. What part of 3 miles, 40 rods, is 27 feet 9 inches? 

3 What part of a day is 17 minutes 4. seconds? 

Ans, -jfj. 

4. What part of »700 is $5-30 ? Ans, rHj. 

5. What fractional part of 2 hogsheads is 3 pints? 

.Ans* tJt* 

6. What part of $3 is 2i- cents ? Ans -xk^. 

7. What part of 10 shillings, 8 pence, is 3 shillipgi | 
penny? Ant, -^.4 
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8. What part of 100 acres is 63 acres, 2 roods, 7 rods of 
land? Ans. '+?-J^. 

9. Jn the Eagle there are 232^ grains of pure gold, and 
1 2-^ grains of silver, and the same quantity of copper. 
I'he silver and copper is each what part, by weight, of the 
gold? And the silver and copper together is what part 

' Silver and copper are each 
T^ of the gold. Silver 
and copper together are 



of the gold ? , 

Ans.'< 



■^ of the gold. 



10. In the United States standard silver coin of one dol- 
lar, there are 371-J- grains of pure silver, and 41-}- grains of 
copper. What fractional part is the copper of the silver? 

Ans. -J-. 

11. The silver in standard gold coin is what part of the 
silver in the same value of standard silver coin ? 

Ans. T^irs' 

12. The pound Troy contains 576(f grains, the pound 
Avoirdu|)ois contains 7000 grains. A pound Troy is what 
part of a pound Avoirdupois ? Ans. Hf. 

13. The imperial gallon contains 277 J cubic inches, 
nearly ; <t1ie old wine gallon contains 231. What part of 
the imperial gallon is the old wine gallon ? Ans. iWr- 

14. The solar year is 365 days, 5 hours, 48 minutes, 48 
seconds. By what part of a day does this exceed 365 
days ? Ans. \^. 

91 • To reduce a fraction of any given denomination to 
whole denominate numbers. 

uppose we wish to know the value of f of a yard ; we 

that f of a yard equals -| of + of a quarter=-f of a 

= 1 quarter H-J of a quarter. The -J- of a quarter 

jrltt considered as a remainder. 

^ Jt 15* 
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Again. ^ of a quarter equals -J^ of + of a nail =2 nails. 
Therefore. ^ of a yard equals 1 quarter and 2 nails. 
Hence, we deduce this 

RULE. 

Mnliipl^ the numerator by the number expressing how 
Many of the next lower denomination make one of the denom- 
ination of the fraetion^^ and divide the product by the denont 
iitator; multiply the remainder, if any, by the number express- 
ing how many of the next lower denomination make one of 
that remainder, and a:;ain divide the product by the denotnr 
inator; continue this process until there is no remainder^ Of 
until we reach the lowest denominate value. The successive 
quotients will form the whole denominate numbers required. 

EXAMPLES. 

1. What is the value of -ft^ of an hour? 
In this example, -^ of an hour equal -ft^ of -"i^ of a 

minute, equals 12 minutes. 

2. What is the value of 5^ of 1 jard? 
^*: Ans. 1 quarter, 2^ nails. 

3. What is the value of | of -g^ of 1 mile ? 

' Ans. \ furlong", 20 rods. 

4. What is the value of -f of f of 1 cwt. ? 

Ans. 1 quarter, 12 pounds. 
6. What is the value of J of 14 miles, 6 furlongs ? 

Ans. 2 miles, 3 furlongs, 26 rods, 1 1 feet 

6. What is the value of -J of f of 2 days of 24 hotUB " 
each? Ans. 9 hours, 36 minutes;|% 

7. What is the value of i of -f of t^j. of an hour? 

Ans. 5 minutes. 37-J secpr 



^» 
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8 What is the value of m of a solar day ? 

Ans, bh. 48m. iSsec. 

9. What is the value of -J-ff- of a pound Avoirdupois ? 

Ans. \^oz. 2+Hc?r. 

10. What is the value of tV of a bushel? Ans. 3-i- quarts. 

. 11. What is the value of -^ of a year of 365 days ? 

Ans. 30 days. 

12. What is the value of -^ of f of i of an acre ? 

Ans. 25 rods. 



ADDITION OF DENOMINATE FRACTIONS. 

9^. So long as fractions are of different denominate 
values, they cannot be added, any more than integers can 
of different denominate values. Hence, before seeking to 
add, it is necessary to reduce them to the same denomina- 
tion, then, to a common denominator, and apply the rule 
imder Art. 43. 

What it die Rule for the Addition of Denominate factions ! 

EXAMPLES. 

1. Add "t of a shilling to ^ of a pound. 

I. -^ of a shilling equals i of ^ of a pound n-rhr o^ a- 
pound, which added to ^ of a pound =1%' of,, a pound, 
gives •iVir="H'of a pound for the sum. % 

.II. -J- of a pound =■}■ of -V^ of a shilling=5 shilling, 
which, added to ^ of a shilling, gives ^=^ of a shilling 
for the sum. 



/ 
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If our work is right, these two results ought to be of the 
same value, that is, -^ of a pound mtSt equal 5-}- shillings. 

We know that -H- of a pound =-H- of -V- of a shilling = 
■V of a shilling. 

2. Add -^ of a yard, f of a foot, and -f of a mile. 

These fractions, before adding, might be reduced to frac- 
tions of a yard, or of a foot, or of a mile, or of any of the 
denominate values of liong Measure. But a better way 
would be lo reduce each to its integral denominate value, by 
Rule under Art. 91 • 

Thus : ^ of a yard=i of -f of a foot= I foot. 

•}■ of a foot=f of -^ of an inch = 10 inches. 

f of a mile=f of -f of a furlong =3 furlongs. 
Therefore, the sum is 3 furlongs, 1 foot, 10 inches. 

3. Add -J- of a week, -J^ of a day, ■}■ of an hour. 

-^ of a week=-jj- of -f of a dayi=3-i days =3 days-h-J- of 
•V- of an hour =3 days, 12 hours. 
-J- of a day=-j" of -V- hour =4 hours. 
I of an hour==A of ^ of a minute= 15 minutes. 
Hence, the sum is 3 days, 16 hours, 15 minutes. 

4. Add -i- of a year, -f of a week, tV of a day, together. 

Ans. 75da, 2hr. 
■ 5. What is the sum of -J- of a cwt., -i- of a ^r., -J- of a i5. ? 

Ans, 2qr. 9lb. 9oz, S^dr, 

6. What is the sum of t^ of a bushel, •}• of a peck, -J- of 
a quart? Ans. 5-^L 

7. What is tlj^ sum of tV of a yard, and -J of a foot ? 

Ans. 7f inches. 
S 8. What is the jsum of f of a week, -J^ of a day, and ^ 
of an hour? Ans. ida. 2\hr. 8m. 

9. What is the sum of f of a bushel, -^ of a peck, and 
•f of a quart ? A ns. Zpk. OqL Of^. 
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^BBTRACTION^F DENOMINATE FRACTIONS.' 

93* As in Addition, the fractions must be first reduced 
Ci the same denomination ; afterwards they must be 
^*ought to a common denominator, and then the work 
^laj be completed, by Rule under Art. 44« 

What is the Rule for the Subtraction of Denominate Fractioni. 



EXAMPLES. 

1. From -J^ of a pound subtract -^ of a shilling. 

1. -|^ of a £=i of -V- of a shilling =|^ of a shilling. 

Therefore, f— i=fj— ,%=:fj. So that the difference 
IB -fj of a shilling =2-^ of a shilling. 

II. J of a shilling =1 of — o^ ^ V^^^^=riTi ^^ ^ pound. 

And 1— ^^^=:^VTr-¥To=¥V7r- So that the difference 
is -^^ of a pound =^^3. of -^^ of a shilling =-f5- of a shil- 
ling, as before. 

2. From f of a day subtract ^ of a minute, 
•f of a day=:f of ^ of an hour =9 hours. 

•§■ of a minute = J of -^ of a second = 12 seconds. 
Hence, From 9hr. Cm. Osee. 
Take 12 

Difference, '8 59 48 

3. From ^ of f of 15 yards of cloth, subtract | of t^ of 
one quarter. 

4 of 1 of 15 yards =5 yards. 

4 of ^ of one quarter =1 of yj of f of^ a nail=^ of a 
nail. 
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7. Prom -J- of f of a day of 24 hours, take of -J^ of 1 ^ 
hour. Ana. 8h. 50m, 

8. To f of 4i days of 24 hours each, add -^ of i of 3^ 
bours. Ans. 3d. 9d, 1 1 m, 40sec. 

9. A certain sum of money is to be divided between 4 
persons, in such a manner that the first shall have ~ of it, 
the second j, the third ^, and the fourth the remainder^ 
which is $28. What is the sum ? 

3^+T+^="4') which wants just ^ of being the whole; 
hence, the fourth one had ^ of the whole. Consequently, 
$28 is i of the whole, and the whole is $28x4z=8112. 

10. A received -J- of a legacy, B j^oj and C the remain- 
der. Now it is found that A had $80 more than B. How 
much did each receive ? 

i—h = h- Hence, $80 was tV of the whole legacy • 
the legacy was therefore $80 x 15 = $ 1200. 

Hence, A had -J- of $1200 =$200. 

Bhad-iVof $1200=$ 120. 
G had the remainder=880 

Proof, $1200. 

1 1. Eight detachmentaj)f artill4^ divided 4608 caiinon 
balls in the following manner : Tl^fost took 72 and ^ of 
the remainder; the second took 144 and ^ of the remainder ; 
the third took 216 and + of the remainder ; the fourth took 
288 and ^ of the remainder. The balance was equally 
divided among the remaining four detachmaits. How 
many balls did each detachment receive ? 

Ans. Each received 576 balls. 

12. Five persons divide 100 pounds of sugar as follows. 
The first takes 4 of -f- of the whole ; the second takes ^ 
of f of the remainder ; the third takes 7 of •}• of the re- 
maioder; the fourth takes ^ of ^ of the rQma.vcidecv 
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and the fifth had what was left. How much did each 

receive? 

lb. lb. lb, oz. dr. 

^TheI»thad-rt»^of 100=A of 100=10 11 6^, 

« 2d had -^f^ of 100=,V*r of 100=11 2 ^, 

Ans.\ " 3d had-,VWVonOO=:-iVii of 100=11 11 8. 

'« 4thhadTWA-oflOO=-5Wff of 100 = 12 7H 

^ 5th had^y^ of 100=i+H of 100=53 15 4| 



VULGAR FRACTIONS REDUCED TO DECIMALS. 

9S. To change a vulgar fraction into an equivalent 
decimal fraction. 

Let us endeavor to change f into an equivalent deci- 
mal fraction. ^ 

This fraction is the same as -f of a unit ; and as 10 
tenths make a unit, the fraction is the same as -J of -V^ of 
a tenth, =3 tenths +f of a tenth. Again, -I of a tenth is 
the same as f of -^^ of one hundredth, =7 himdredths+-t- 
of one hundredth. But -f- of one hundredth is the same as 
•t* of -V^ of one thousandth, =5 thousandths. Therefore -f 
of a unit =3 tenths, 7 hundredths, and 5 thousandths, or 

usually written, -1= 0*375. 

Hence we deduce this 

RULE. 

Aimex a cipher te the numerator, and then divide by the 
kmrnkinafifr. If the dividend mU not eontam the divisor, 
riAr in the qwtient and annex another eipher^ and then 
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iivide ; to the remainder annex another cipher^ and again 
iivide by the denominator; and so continue to do until 
'here is no remainder, or until as many decimal figures have 
^een obtained as may be desired. The quotient will be the 
iecimal fraction required. 

Note. — It will be seen that this rule bears a close analogy to 
rale under Art. 91, as it ought ; since the values of the sncces. 
sive fibres in a decimal fraction decrease in a tenfold ratio. 

EXAMPLES. 

1. What decimal fraction is equivalent to -|V ? 

16)100(00625 
96 

40 
32 



80 
80 





2. What decimal is equivalent to tSr^ 

Ans. 005555, &c. 

3. What decimal is equivalent to -sV ? -^«^- 0'05. 

4. What decimal is equivalent io-^% Ans. 0-04. 

5. What decimal is equivalent to -J^ ? 

Ans. 0-3333, &c. 

6. What decimal is equivalent to -f ? 

Ans. 0- 142857, A&c. 

7. WhsLt decimal is equivalent t.o^1 

Ans. 0-0909, &c. 

8. What decimal is equivalent to ^ ? 

Ans. 0076928, Ac 



\ 
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9. What decimal is equivalent to -jV ? V 

iijix. 0-0588235, ^DC Iv^ 

10. Change f into an equivalent decimal Ans. 0*76. |^ 

1 1 . Change •} into an equivalent decimaL 

Ans. 0-6666, &c 

12. Change f into an equivalent decimaL Ans. 0-6. 

13. Change f into an equivalent decimaL 

Ans. 0-8333, &c. ^^ 

14. Change -f into an equivalent decimaL 

JIjw. 0-5714285, &c. 

15. Change -fi into an equivalent decimal. 

Ans. 5625. 

16. Change -J into an equivalent decimaL Ans. 0-875. 

17. Change -J^ into an equivalent decimaL Ans. 095. 

18. Change H into an equivalent decimaL Ans. 0*98. 

19. Change ~ into an equivalent decimaL 

Ans. 0-928571428, &c. 

In the foregoing process of converting a vulgar fraction 
into an equivalent decimal fraction, we continue to annex 
ciphers to the remainders, and to divide by the denomina- 
tor of the vulgar fraction ; hence, whenever we obtain a 
remainder like one that has previously occurred, then the 
decimal figures will commence a repetition. And as no 
remainder can exceed or equal the divisor or denominator 
of the vulgar fraction, the whole number of different re- 
mainders cannot exceed the number of units in the denom- 
inator less one ; consequently, when the decimal figures 
do not terminate, they must recur in periods whose nimi- 
ber of places cannot exceed the number of units less one 
in the denominator of the equivalent vulgar fraction. 

Decimals which recur in this way, are called repetends. 
When the period begins with the first decimal figure, it 
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is called a simple repetend. But when other decimal 
^figures occur before the period commences, it is called a 
compound repetend, 

A repetend is distinguished from ordinary decimals by a 
^riod or dot placed over the first and last figure of the 
circulating period. 

90« The following vulgar fractions give simple 
repetends : 

4-=0i42857. 

+=o-i. 

1^=0 076923. 

tV=0()588235294117647. 

TV=:0()5263157894736642i. 

-5^=0 047619. 

iV= 00434782608695652 1 739 1 3. 

97 '• The following ones give compound repetends : 

i=016. 
. Vy=0083. 
tV= 007 14285. 
1^=006. 

T^ffmOOS. 

jAr=0045. 
Vt=00416. 

98. Those simple repetends, which have as many 
terms, less one, as there are units in the denominator, we 
ib&ll call perfect repetends. The following are some of 
the perfect repetends : 
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+=0142857. 
tV=0 05882352941 17647. 
tV = 005263 1 57894736842 i . 
•5^=0-6434782608695652173913. 
jh = 0-034482758620689655 1 72413793 1. 

NoTS.-^For some interesting properties of repdends, see Higher 
Arithmetic. 



REDUCTION OF DENOMINATE DECIMALS. 

09* A denominate decimal is a decimal fraction of a 
unit of a particular kind. Thiis, 45 of a i£, is a denom- 
inate decimal, since the unit is «£1 ; for the same reason, 
0*25 of a foot is a denominate decimal, the imit being 1 
foot. 

What M a denominate decimal 1 Give lome exampkt. 

CASE L 

To reduce denominate numbers of different denomiiia- 
tions to a decimal of a given denomination. 

Let it be required to reduce 15^. 6d. 2far. to the deci- 
nial of a £. 

I. 3far.=id.z=z0-75d. 

II. 6d, 3far. is therefore the same as 6'75d.] if we 

divide this by 12, it will become 

6-76 

=:0-5626*. 

12 
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in. 15*. M. 3/ar.=15-5625#. ; this divided by 20, gives 

15-5625 

=0-778125 of a £. 

20 

For the decimal sought. The work may be more con- 
cisely done, as in the following 



OPERATION. 



4 

12 
2|0 



3/ar. 



6'75d. 
15-5625*. 
0-778125 of a £. 



EXPLANATION 

We placed the different denominations above each other, 
so that the smallest denomination stood at the top ; we 
then supposed ciphers annexed to the 3 farthings, and 
divided by 4, since 4 farthings make one penny, and the 
quotient, which must be a decimal, we placed at the right 
of the 6d. ; we next divided 6'75d. with ciphers annexed, by 
12, because 12 pence make one shilling, and the quotient, 
which is also a decimal, we placed at the right of the 15*. ; 
finally, we divided the 15*5625*. by 20, because 20 shil- 
lings make one pound. In dividing by 20, we cut off the 
cipher, and then divided by 2, observing to remove the deci- 
mal point one place to the left. 

We therefore have this 

RULE. 

Place the different denominations above each other, so thai 

the lowest denomination may stand at the top ; commencing at 

IQ* 
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the topy annex ciphers, and divide each denomination by i 
number expressing how many of^such denomination maJu 
unit of the next higher denomination. The last quotient w 
be the decimal required. 

Repeat U|ii Rule. 

EXAMPLES. 

1. Reduce £8 5s, 2d. Iqr. to the decimal of a £. 

OPERATION. 

m 

41 
12 



210 



2-25 



51875 



8-259375 of a £. 



2. Reduce Zqr. 2na. to the decimal of a yard. 



4 
4 



OPERATION. 

2 
3^ 



0-875 of a yard. 



8. Reduce Ift. 4in. to the decimal of a yard. 



OPERATION. 



12 
3 



1-3333, &c 



0-4444, &c. of a yard. 



4. Reduce dlb. ioz. Spwt Igr. Troy, to the decimal ( 
pound. Ans. 336684027777, &c., of a fl 
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5. Reduce 3 A. 30m, IQsec, to the decimal of a day. 

Ans. 0- 145949074074, &c., of a day. " 

6. Reduce £3 5s, Od. 2far. to the value of a £, 

Ans. .£3 -252083333, &c. 

7. Reduce 28 gallons of wine to the decimal of a hogs- 
head. Ans, 0-4444, &c., of a hogshead. 

8. Reduce is 6j[d. to the decimal of a. £, 

Ans, jf 0-2270S33, &c. 

9. Reduce 18^. d^d, to the decimal of a £. 

Ans. jfO-9 15625. 

10. Reduce 3 pecks, 5 quarts and 1 pint to the decimal 
of a bushel. ^ti^. 0-921875 of a bushel. 

11. Reduce llAr. 16m. \5sec. to the decimal of a day. 

Ans. 0-469618055, &c., of a day. 

12. Reduce 20 rods, 4 yards, 2 feet and 6 inches to the 
decimal of a furlong. 

Ans. 0-521969696, &c., of a furlong. 

13. Reduce 42m. d^sec, to the decimal of an hour. 

Ans. 0-71, of an hour. 
.14. Reduce 30 days, 3 hours, 27 minutes, 30 seconds, to 
the decimal of a year of 365*24224 days. 

Ans. 008276 17, &c., of a year. 
15. Reduce 5hr. 48m. i9'536sec, to the decimal of a 
day} Ans, 0-24224 of a day. 



CASE n. 

To find the proper value of denominate decimals. 
Fmd the value of 6*778125 of a £. 



UX-- 



*_:;r I a 



in XI. 






V^ 



f *5kV af & 'peony . 

^ =i-'ar;"7".gs in 1 penny. 

5*N iin" 



IrrV 



i:X?!LiNjLr?CiS 



=i:ili:ra?d ir-e iffcrsiAl c?c a jf bv 20, because' 
20 ihiZzizs =L£ke 1 :xici:i . zoLnnri^ ciff bv the rale foi 
dfTTnaTi. -■■* z-cmzi 15* iDd ?cC5 v>f a shilling. Then 
we mahij^ifld :his decinial of a shilhns: bv 12. because 12 
pence make 1 shilling : pcxnrjig o£ we found 6d. and 0*75 
of a penny, which being multiplied bj 4, because 4 fai- 
things make 1 pennj, gave just 3 fianthings. 

By cafefidlj consideiing the above operation, we deduce 
thb 






RULE. 



MuUiplfif ihn dtaimal by the number expressing kmo many 

Iff ihn Hfofi loUHir denomination make a unit of the denam- 

*^^Um of the dfcimali point off by the usual nde for 

fmli t multiply the decimal part, thus pointed off, as 
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^jfore ; and so continue to the lowest denomination; the 
'^cral denominate values sought will appear at the left of 
^ decimal point of the successive products. 

Lt thii Rule. 



EXAXFLES 

1. What is the value of 0*9075 of an acre? 

OFERATION. 

0-9076 

4=roods in \A. 

3-6300iJ. 

40=rods in \R. 

25-2P. 

Ans, 3ie. 25 2P. 

2. What is the value of £0X25 ? Ans. 2s. 6d 

3. What is the value of Je0-66f ? • Ans. 13^. 4rf. 

4. What is the value of 0-375 of a hogshead of wine? 

Ans. 23gal. 2qt. Ipt. 
6. What is the value of 0121212 of a year of 365 days ? 

Ans. iida. 5hr. 49m. i'632see. 

6. What 18 the Value of 0-3355 of a pound avoirdupois ? 

•Ans. 5oz. 5'888rfr. 

7. What is the value of 0*3322 of a ton ? 

Ans, 6cwt. 2qr, I6lb. 2048o*. 
a What is the value of 0-2525 of a mile ? 

Ans. 2fur. Ord. Ayd. \ft. 2-4m. 
9. What is the value of 0*345 of a j& ? 

. • Ans. 6*. lOd 3-2/ar. 

16 
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10. What is the value of 0121212 of a day? 

Arts. 2hr. 54m. 327168wc. 

1 1. What is the value of 03456 of a JS ? 

Ans. 6s. lOd. 3776/<ir. 

12. What is the value of 09875 of a £ ? 

Ans. 19*. 9(1 

13. What is the value of 0*24224 of a solar day? 

Ans. 5hr. 48m. 49*536*ee. 



M 
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lOO. In decimals we have seen that the figured 
decrease in a tenfold ratio, from the left towards the 
right. 

In duodecimals, this decrement goes on in a twelvefold 
ratio. 

The different denominations are the foot (f.) the prime^ 
or inch ('), the second ("), the third ('"), the fourth (""), 
the fifth ('""), and so on. 

Thus, 7/, 6', 3", 4'", 5"", is read 7 feet, 6 primes, 3 
seconds, 4 thirds, 5 fourths. 

The accents used to distinguish the denominations be- 
low feet, are called indices. 

Taking the foot for the unit, we have the following 
relations : 

r =1^ of 1 foot. 

1" =t1j of -iV of 1 f00t=TiT of 1 foot. 
•1"' rz-l'j of jj 0^ tV ^^ ^ f00t = yy'YT O^ ^ ^OOt. 

1""=tV of tV of tV of tV Of 1 fc(bt=-o+n- of 1 foot. 
^. Ac. Ac. Am^ 
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DDITION AND SUBTRACTION OF DUODECIMALS. 

lOl. Addition and Subtraction of duodecimals, aiB 
leiformed like addition and subtraction of other denom- 
nate numbers, remembering that 12 of any denomination 
make one of the next greater denomination. 

In decimal* how do fifnres decrease from the left toward the right 1 In daodeci- 
ilnh how do they decraa*e 1 What are the different denominations of duodecimals 1 
tWhat are the accents called which are used to distinguish the difierent deoominatioiM 
pdnr the foot 1 How is addition and subtraction of duodecimals performed 1 

EXAMPLES. 

(1.) (2.) 

17/ T 8" 365/ 1' 7" 9'^ 

25/ 0' 2" 521/ 10' 10" 11'" 

30/ 10' 11" . 605/ 8' 8" 1'" 

29/ 6' 6 " 731/ 3^ 0^' 8 ^" 

103/ 1' 3 " 2224/ 0' 3" b " 

3. What is the sum of 3/ 6' 4", 8/ 3' 4", 9/ 1' 3", and 
10/ 10' 10"? ^n^. 3 1/9' 9". 

4. What is the sum of 100/ 8' 8'', 135/ 0' 1", 65/ 9^ 
2", 45/ 3' 3", and 200/ 6' 6" ? Ans, 547/ 3' 8". 

(5.) (6.) 

From 87/ 3' 4" 100/ 10' 10" 

Subtract 35/ 8' 9" 90/ 6' 3" 

Remainder 5 1/ 6' V 10/ 4' 7 " 

7. From 25/ 6' 6" subtract 18/ 9' 10''. 

Ans. 6/ 8' 8". 
«. From 100/ subtract 58/ 2' 1". Ans. 41/ 9' 1 1". 
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Eoes 



ve wish to mahiplj 14f T'by^^^ 
ve shooH |j fD Lwd as folkrrs : 

14/ T 

2/ y 
3/: 7 y 

29/ 2^ 



We begin on the right hand, and multiply the multi^ 
eand through, first by the primes of the multipher, then 
by the feet of the multiplier, thus : 3* x 7'=-^ X A^-ft 
of a foot, which is 21''= 1' 9" : we write down the 9". and 
reserve the V for the next product : again. }4f. x3'=14x 
•^=^ of a foot, which is 42' ; now adding in the 1', 
which was reserved from the last product, we have 43*= 
3/! 7', which we write down, thus finishing the first line 
of products. 

Again, we have 2f.x7'=z2x^=^ of a foot, which 
if 14'= 1/2'; we write the 2' under the primes of the 
line above, and reserve the 1/ for the next product ; 2f. x 
14/; =28/, to which, adding in the 1/ reserved from the 
last product, we have 29/, which we place underneath 
the feet of the line above. Taking the sum, we find 32/ 
9' 9", for the answer. 

From the above we infer, thcU if toe consider the index 
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>f Che feet to be 0, then the denomination of each product 
7tUbe denoted by the sum of the indices of the factors. 

Thus, feet l)y feet, produces feet ; feet by primes^ pro- 
nces primes ; primes by primes^ produces seconds^ &c. 
^lence, to multiply a number consisting of feet, inche?, 
econds. &c., by another number consisting of like quan- 
ities, we have this 

RULE. 

Flace the several terms of the multiplier under the cor- 
responding ones of the multiplicand. Beginning at the right 
hmd, multiply the several terms of the multiplicand by the 
several terms of the multiplier successively, placing the 
right-hand term of each of the partial products under its 
iuUiplier ; then add the partial products together, observing 
to carry one for every twelve, both in multiplying and add- 
in^. The sum of the partial products will be the answer. 



it this Rale. \ 

EXAMPLES. 

1 What is the product of 3/ 7' 2" by 7/ 6* 3"? 

OPERATKMI. 

3/ 7' 2" 

7/ 6^ 3 ^^ 

10" 9'" 6'" 
1/ 9' 7" 0"' 

25/ 2' r 
Ans. 27/ 0^ r r' & "' 

17 
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lin^ 



"New Jersey " 
Pennsylvania 
Delaware 
Maryland 



= 7s. 6i.=jC-|, called Pennsyl- 
vania currency. 



{New York 1 « „ 

Ohio I =^'- =^*' ^^^^^^ ^^^ Y^'^ 

North Carolina/ ^^"^"^"^- 



were accounts kept before the adoption of Federal money 1 Did all the States 
ite the pound at the tame value 1 What fraction of a JC i« 91 in Sterling money 1 
It part of a JS i« 91 in Georgia currencyl What part of a i> ii 91 Canada currencyl 
part of a JS b 91 New England currency ? What part in Pennsylvania car> 
^^&y T What part in Now York currency? 



CASE I. 

104:. To reduce Federal money to pounds, shillings, 
tud pence, we obviously have this 

RULE. 

Multiply the sum in Federal money by the value of $\ 
Expressed in the fraction of a pound, as given in the above 
Table ; the product will be pounds. If there are decimals 
ef a pound, they must be reduced to shillings and pence by 
Rule under Art. 99* 

What is the fVaetion by which we multiply Federal money to reduce it to Sterling 
money ? What fraction do we multiply to reduce it to Georgia currency 1 What is 
fte fraction for Canada currencyl What f^r New England currencyl What for 
Pennsylvania currency 1 What for New York currency ? If in the product there 
an decimals of a pound, how do you dispose of them 1 

EXAMPLES. 

1. Reduce $100*20 to the di^erent currencies, as given 
in the preoeding Table. 
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'22 10 lOf Sterling money. 



Ans. $100-20=^ 



23 7 7-i- Georgia currency. 

25 1 • Canada currency. 

30 I 2f New England currency 

37 1 1 6 Pennsylvania currency. 

40 1 7-^ New York currency. 



2. Reduce $37-37 to the different currencies. 

£ s. d, 
8 8 1-98 Sterling money. 

8 14 4-72 Greorgia currency. 

9 6, 10 -2 Canada currency. 
11 4 2-64 New England currency 
14 3-3 Pennsylvania currency. 
14 18 11-52 New York currency. 

3. Reduce $1000 to equivalent values in the differen 



Ans. $37-37=-! 



currencies. 



Ans. $1000= < 



£ 

r225 Sterling money. 
233 6j. 8d. Georgia currency. 

250 Canada currency. 

300 New England currency. 

375 Pennsylvania currency. 

400 New York currency. 



CASE IL 



lOtS* To reduce a sum in either of the above currenew 
to Federal money. 

It is obvioiis, that by inverting the fractions which e 
press the value of $1 in pounds, as given in the precedir 
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table, we shall obtain the value of ^1 in dollars. Con- 
sequently, we deduce this 



RULE. 

/. Reduce the shillings and pence, if any, to a decimal of 
a pound, by Rule under Art. 90, 

//. Multiply the pounds and decimals, if any, by the 
fractions of the preceding table, after inverting them ; the 
products will be in dollars and decimals of a dollar. 

By what fraction most we multiply Sterling money to reduce it to Federal money 1 
What fractiaa do we multiply by to reduce Georgia currency to Federal money ? By 
what do we multiply to reduce Canada currency ? By what to reduce Now England 
currency 1 By what to reduce Pennsylvania currency ? By what to reduce New 
York currency 1 

EXAMPLES* 

1. Reduce £75 \5s, 6d. of the respective currencies 
mentioned in the preceding table, to Federal money. 

j£75 15^. 6rf. =£75*775, which multiplied by the re- 
spective fractions ^, -V", +, "V, f , and f, gives the follow- 
ing answer : 

r Sterling money = $336-77-f. 

Georgia currency = 324*75. 

Canada currency = 303*10. 

New England currency = 252-58-i-. 
Pennsylvania currency = 20206f . 
_New York currency = 189-43f. 

2. Reduce J£80 5^. 3d. of the different currencies to 

Federal money. 

17» 



Ans. £75 I5s.6d.< 
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Ans. .£80 5s. 3d. ^ 



Ans. £1000.^ 



=$4444 444i. 

= 4285-7 14f 
= 4000. 



Sterling money =$3567221. 

Georgia currency = 343-982^. 

Canadta currencj'' = 321 05. 

New England currency = 267-54 1|. 
Pennsylvania currency = 214033^. 
^New York currency = 200 6561. 

3. Reduce jflOOO of the different cun-encies to Federal 
money. 

Sterling money 
Georgia currency 
Canada currency 

New England currency = 3333 333^. 
Pennsylvania currency = 2fe66'666|. 
.New York currency = 2500. 

lOO. The following are the rates at which some of 
the foreign coins are estimated at the custom-houses of 
the United States : 

English £ $4-84. 

Li vre of France $018^. 

Franc of do $018f. 

Silver Rouble of Russia $0 75. 

Florin or Guilder of the United Netherlands $0*40. 

Mark Banco of Hamburg $0-35. 

Real of Plate of Spain $010. 

Real of Vellon of do $0-05. 

Milrea of Portugal $1-12^. 

Tale of China $1-48. 

Pagoda of India $1-84. 

Rupee of Bengal $0 50. 

Specie dollar of Sweden and Norway . . $1-06. 
Specie dollar of Denmark $1-05. 



RULE OF THREE. |g9 

3r of Prussia and N. States of Grermanj $0*69. 
n of Austrian Empire and City of 

jgsburg $0*48i. 

Lombardo-Venetian Kingdom and of 

'uscany $0-16. 

3at of Naples $0*80. 

nee of Sicily $2*40. 

und of British Provinces, Nova Scotia, New 
Brunswick, Newfoundland, and Canada . $4*00. 

ix-dollar of Bremen $071^. 

haler of Bremen fO-Tl. 

lil-reis of Madeira $ 1 00. 

" of Azores $0-83+. 

Rupee of British India $0-44i. 



RULE OF THREE, 

10T« The quotient arising from dividing one quantity 
f another of the same kind or ienomintaumj is cstUed a 
itio. 

Thus, the ratio of 

12 to 2=V=6. 
12 to 3=V=4. 
12 to 4=:Y=3. 
12 to 6=V=2. 
12 to 12=+f=l. 

Hence, we see that the ratio of two quantities sho^ 
yw many times greater the one is than the other. It 
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therefore evident, that there cannot exist a ratio between 
two quantities of different denominations. There is no 
ratio between 12 feet and 3 pounds, for we cannot say 
how many times 12 feet is greater than 3 pounds. But 
there is a ratio between 12 feet and 3 feet, which is 

There is the same ratio between 12 pounds and 3 
pounds. The ratio is itself an abstract number ; it is not 
a denominate number. The ratio of 12 feet to 3 feet is 4 
units simply ; it is neither 4 feet nor 4 pounds, but simply 
4 times 1 ; showing that 12 feet is 4 times as great as 3 
feet. In this way we find 

The ratio of 10 yards to 5 yards =-^=2. 

" 8 inches to 4 inches = -f =2. 

" 7 ounces to 3 ounces = •} =2-^. 

" 5 bushels to 2 bushels = -f- =2-}. 

" 7 rods to 4 rods = f = If . 

" 9 cords to 4 cords = f =2^. 

" 40 acres to 18 acres =4^=^=2f. 

When the ratio of two quantities is the same as .the 
ratio of two other quantities, the four quantities are in 
proportion. Thus, the ratio of 8 yards to 4 yards, is the 
same as the ratio of 12 dollars to 6 dollars ; therefore, 
there is a proportion between 8 yards, 4 yards, 12 dollars, 
and 6 dollars. 

The usual method of denoting that four terms are in 
proportion, is by means of points, or dots. Thus, the above 
" oportion is written 

• 8 yards : 4 yards : : 12 dollars : 6 dollars ; 
which two dots are placed between the first arwi second 
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terms, and between the third and fourth ; and four dots 
between the second and third. The proportion is read 
8 yards is to 4 yards as 12 dollars is to 6 dollars. 

Of these four terms, the first and fourth are called ex- 
tremes ; the second and third are called means. 

Since in a proportion the quotient of the first term divided 
by the second, is equal to the quotient of the third term 
divided by the fourth, we have, using the above proportion, 

8 yards ^ 12 dollars ^ or, which l. .tni more .imply J^_l? 

4 yards 6 dollars S exprewed, ^4 g • 

If we reduce these fractions to a common denominator, 
(Art. 40j) they will become 

8x6 12x4 . . ^ 

' — ~= — — -, or, omittmg the com- 

4x6 6x4' ^ 

mon denominator 4x6, which is in effect multipl3nng 
each fraction by 4x6, we have 8x6 or 48 = 12x4 or 
48 ; that is, the product of the extremes %s equal to the pro- 
duct of the means. 

. . 8x6=48 , ,8x6=48 .^ 
Affam, =4, and =12. 

'12 4 

Hence J if the product of the extremes be divided by either 

meauj the quotient will be the other mean. 

. . 12x4 . ^12x4 
Agam, =6, and =8. 

8 6 

Hence, if the product of the means be divided by either eX' 
treme, the quotient will be the other extreme. 

From the above properties, we see that if any three 
of the four terms which constitute a proportion are given, 
the remaining term can be found. 

108. The method of finding the fourth term of a pro- 
portion, when three terms are given, constitutes the Rixlb 
or Three. 
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What is the quotient arising from dividing one number by another of the same kind 
ealledl UTiat is the ratio of 12 to 2 1 Ofl2to31 Ofl3to41 Whst does tto 
latio of two quantities show 1 Can a ratio exist between two quantities of diffeMt 
denominations 1 b there a ratio between 12 feet and 3 pounds ? Can the ratio bei 
denominate number 1 How are four quantities related when the ratio of the first ts 
the second is the same as the ratio of the third to the fourth 1 Which are called a- 
tremes ? Which are called means 1 To what is the product of the extremes eqcsl! 
If the product of the extremes be divided by one of the means, what will the quotioit 
be ? How many terms of a proportion most be known in order to find the otben ? 

1. Let US endeavor to find the value of 24 yards of cloth, 
on the supposition that 8 yards are worth $12. 

It is obvious that the value sought must be as many 
times greater than $12 as 24 yards is greater than 8 yards. 
Hence, there is the same ratio between $12 and the value 
sought, as there is between 8 yards and 24 yards. Con- 
sequently, we have this proportion : 

8 yards : 24 yards : : $12 : valtte sought. 

Taking the product of the means, we have 24 x 12=: 
288. This, divided by the first term, gives -^=36 for 
-the fourth term sought, which must be of the same kind as 
the third term ; therefore, $36 is the value of 24 yards. 

Note. — When we take the product of the means we do not mul- 
tiply the 24 yards by 12 dollars, but simply multiply 24, the number 
denoting the yards, by 13, the number denoting the dollars. The pro- 
duct, 288, is neither yards nor dollars, but 288 units. When we divide 
this product by the first term of the proportion, we do not divide 
by 8 yards, but simply divide by 8, the number denoting the yards. 
The quotient, 36, gives the fourth term of the proportion ; and since 
the fourth term is of the same denominate value as the third term, 
our fourth term, or answer, must be 36 dollars. 

2. What will 312 pounds of coflfee cost, if 25 pounds 
cost $3-25 ? 

In this example, the ratio of 25 pounds to 312 poimds, 
is the same as the ratio of $3*25 to the number of dollars 
sought. Hence, 
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» pounds : 312 pounds : : $3*25 : the answer, 

312 

650 
325 
975 



^tm 



25)101400(«40 56 
100 

140 
125 



150 
150 



Here we first multiply the means together ; we then 
divide the product bj the first term. 

Since there is a ratio between the third and fourth terms, 
it follows that they must be of the same denominate value. 
Hence, of the three quantities given, we may alwaj's take 
for the third term of our proportion the quantity which is 
of the sa.mm kind as the answer required ; then, if the 
answer sought is to be greater than this third term, the 
second term must exceed the first ; but if the ans^r 
sought is to be less than this third term, then the-s^ond ■ 
term must be less than the first •' *' 

109. From what has been said and done, we deduce 
this first form for the 

RULE OF THREE. 

/. Form a proportion by placing for the third term^ the 
quantity which is of the same kind as the answer sought; 
the two remaining quantities must he taken for the first and 
second termsy observing to take the larger of the two quantities 
^or the second term, when the answer sought is to exceed the 
term ; hut to take the smaller of the two quantities for 
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the second term, when the answer is to be less than the third 
term. 

11. Having written the three terms of the proportion, of, 
as tutially expressed^ having stated the question, then multij^ 
the second and third terms together, and divide the product 
by the first term. 

Note. — Since there is a ratio between the first and second terms, 
they most be reduced to the same denominate value. Also, the 
third term must be reduced to its lowest denomination : then tl» 
quotient found by dividing the product ot the means by the fiist 
term, will be of the same denomination as the third term. 

In ttatiof questions in the Rule of Three, which quantity most be taken for thi 
third term 1 Of the two remaining quantities, which is to be taken for the second 
tenn 1 After the question is stated, how do you proceed to find the answer T b 
it ever necessary to make any reduction in the terms before multiplyini^ and dividinf 1 
What are these reductions 1 The answer when found, wUl be of the same naoM « 
which term 1 

EXAMPLE& 

1. What is the cost of 6 cords of wood, at $7 for 2 
•ords? 

2 cords : 6 cords : : $7 : Ans. 

2)42 

^ Ans. $21 

2. What will 9 pair of shoes cost, if 5 pair cost £2 
2«. 6dJ 

6 pair : 9 pair : . £^2, 2s. 6 J. 
When reduced, 5 pair : 9 pair : : 510(/. 

9 

5 )4590 

Ans. 918<{.=£3 16«. M. 
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3. If there are 9 weeks in 63 days, how many weeks 

are there in 365 days ? V 

63 days : 365 : : 9 weeks. 
9^ 

63)3285(52iV=524 weeks. Ans. 
315 

135 
126 

9 

4. If a railroad car goes 17 miles in 45 minutes, how 

far will it go in 5 hours ? 

45 minutes : 5 hours :* : 17 miles. 
or 45 " : 300 minutes : : 17 ** 

17 

2100 
300 



45)5100(113^ miles. Ans. 
45_ 

60 
45^ 

150 
135 

15 

5. If $100 will gain $7 in one year, how long will it 
require to gain $100? Ans, 14f years. 

6. If 3 paces or common steps of a person is equal to 
2 yards, how many yards will 480 paces make ? .; 

Ans, 320 yards. 

7. If 15 men can raise a wall of masonry 12 feet in oi 
week, how many will be necessary to raise it 20 fee 
the same time? ^ Ans. 25 mei 

8. If 5 tons of coal, of 2000 pounds each, will last 9^ 

18 ^ 



-^A--:. I rr ilui;! "•"!! be cocsomed in 
-_t- . uc zc ^C"C' pounds. 

of floor, hov 




Aw. € If b'lshels. 
»T 3 - -a---^^.'-. T i^*i i-ff n jpLj-r. isirre 15 miles 
= ?:rs' Ku:: !.*▼ =.--7 **: xi2» -r-Z :: »j-j^ :o move iu 
fflr: ^i£r'i ^w 1! seconds. 

1 i > -i^t-z..^-^:. T l4L i-- :=. Lsir:! ^-ire 1 3 miles 
u rj^ii: lu-T =-L^ • irass ri m. J5iir± "^^ it move in 



rj'.irs At* 2^i<} times. 

rt.^-.rs? ;r r.rw hj: .: f. viaj tua* irll ^t r«?c*ssarr to dis- 

f. ^ " J ni:-T Til lanr r iir?sF :<:" rris iz Si da vs of 

■'/ r.r..rs f.i--^. nrv -'^-^ '*"--- ^ r?»r— :\: zz-z him to mow 
i. HTJ*?* Axs. 5f davs. 

^ I" " ■*.'■ x^::T-.-i5 "■ r'-er-it. nr >l£ rrf^rirld S3 pounds 
^' r*.:-^ ntr-"!-. *.,-"«■ zra:i ttt? ^^TtlTill 7 tons of galena 
TCCKfictf. ;" v^ r^cinr iJi-frT tc«u35* :: ihe tot. '. 

.-i fci 1 SO 1 4f pounds. 
*K V :i hf--*f^s ,*Tc" iixr £?f -r^nh #54. what is the 

15^'e06r(l?9doDai8. Ams. 

106 
96 

108 

^« 109 
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In this example, it is obvious that 2 times 12<bat?els 

would be worth 2 limes $54 ; 3 times 12 barrels woild by 

worth 3 times 954 ; 4 times 12 barrels would be wprtik 4 

times $54, These ratios 2, 3, 4, may be exprasseji by 

2x12 24 3x12 36 4x12 48 

= — , = — ) = — ; and m a 

12 12 12 12 12 12' 

similar manner, the ratio of 42 barrels to 12 baixelf is ^. 

If we multiply $54 by this ratio, it will give the value 

of 42 barrels. The operation may be expressed thus: 

$54 X +1. We may now simplify this expression as by 

Art. 39. Thus, dividing the denominator 12, angl the 

numerator 42, each by 6, the expression becomes 

7 

4i 
$54x— , or $54x|. 

2 

CancelUng the denominator 2 against a corresponding 

factor of the numerator 54 (=-Y-), we have 

27 7 

$4 X -, or $27 X 7=$189. Ans, 

f 

16. What will 84 bushels of apples cost, if 14 busbek 
are worth $675 ? 

The ratio of 84 bushels to 14 bushels is ft- Now, mtd- 
tiplying $675 by this ratio, we have 

$675 xf*. : '- 

Dividing 84 of numerator and 14 of*t))e denominator 
each by 7, we obtain 

$6-75x?lor$6:7ft:S:V^ 



4 



I 
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Ai^ain, diTidicg- 12 of waoamztx and 2 of denomiDatc 
#*ch hy % 

6 

$6-75 X ^ or, te-To x 6=»4O-50. i4i«. 

From these two examples, we see that the Rule ofTbAj 
maj l>e given in the foUowing* simple form : 



RULE OP THEEE. 

Of the three quantities tMek art gwem. erne wiB ahBofi^^ 
of the Mume kind ae the answer somgkt ; this ^Mamtiiyvill^^ 
the third term. Then, if by the nature of the question^ H^ 
answer is required to be greater than the third term^ iaik 
the greater of the two remaining quantities by the Uss^fif^ 
ratio ; but if the answer is required to be less than the Hid 
term, then divide the less of the two remaining q u an t i t ies 1} 
the greater, for a ratio. Having obtained the ratioj muU^ 
the third term by it, and it will give the answer ta the son 
denomination as is the third term. 

Note. — Before obtaining the ratio, by means of the fint tfO 
tenns, we mast lednce them to like denominations. 

17. If 200 sheep yield 650 pounds of wool, how man; 
pounds will 825 sheep yield ? 

In this example, the answer is required to be in poondi: 
we therefore take 650 pounds for the third term. Th< 
ratio of 825 sheep to 200 sheep is fff. Hence we have 

650^. XtH. 

Cancelling, we have 
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33 



650/6. X -— or, 6501b. x V- 

8 
Again, cancelling, we have 

$ 4t . 

4 

18. If -H" of a pound of sugar cost ^ of a shilling, how 
tnuch will -ji^ of a pound cost ? 

In this example, our third term is -ff of a shilling. And 
Bince "A 0^ ^ poimd is less than -fj, we must obtain our 
mtio by dividing -A by -J-f , which gives -A X +?-. Mul- 
tiplying the third term by this ratio, we have -J^ of a shil- 
ling X "A X +f . To reduce this with the least labor, we 
must resort to the method of cancelling. Thus, cancel- 
ling the 23, which occurs in both numerator and denomi- 
nator, also 13 of the numerator against a corresponding 
factor of the 26 of the denominator, our expression will be- 
come + of a shilling x i X iV= A of a shilling. 

Note. — This method of cancelling should be used when the 
nature of the question will admit, since it will always simplify the 
operation. 

19. If a tree 38 feet 9 inches in height, give a shadow of 
49 feet 2 inches, how high is that tree which, at the 
same time, casts a shadow of 71 feet 7 inches ? 

In this example, our third term is the height of the first 
tree, which is 38 feet 9 inches =38^ feet =-4-^ feet: our 
ratio will be obtained by dividing 71 feet 7 inches = 7 lA 
feet =^lV feet, by 49 feet 2 inches=49i feet =:-aft feet: 
which thus becomes ^ff- x yfr- Multipljdng the third term 

18* 
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by this ratio, we have -4^ fee: x -W X tJt- Cancelling 6 
of the numerator against 6, a f ictor of the 12 of the de; 
nominator, also cancelling 5, a factor of 155 of the nu- 
merator, against 5, a factor of 295 of the denominator, we 
get -V feet x-^X-§V=-^^44l^=56if|- feet, for the answer. 

20. If 3-J- pounds of coffee cost 2^ shillings, how much 
will 10-J- pounds cost ? 

In this example, 2-J-qi^^ shillings must be our third term; 
and since 10f=V" pounds must cost more than 3^=i 
pounds, we must divide ^hy i for the ratio ; making it 
•V- X f . Multiplying the third term by this ratio, we ob- 
tain -f shillings X V" X f ; which, after cancelling, becomes 
•J- of a shilling x^=^ shillings = 7^ shilhngs. 

21. Gave $72 for 11 barrels of fish. How much will 
88 barrels cost at the same rate ? Ans. 9576. 

22. If 43i pounds of cheese cost $2-20, what will 2161 
pounds cost at the same rate? . Ans. $11. 

23. If I pay $3 90 for sawing 7 cords of wood, how 
much ought I to give for sawing 23^ cords ? Ans. $13. 

24. If y3_ of a ship is worth $2853, what is the whole 
worth? 

The ratio of the whole ship, or ||, to nft-, is ■^. Hence, 

$2853x-V^=$951xl0=:$9510 Ans. 

25. If 1^ of my income is $533, what is my whole 
income? Ans. $1732*25. 

26. A person faihng in business, finds that he owes 
$7560, and that he only has $3100 to pay it with. How 
much can he pay to that creditor whose claim is $756? 

Ans. $310. 

27. If it require 5| bushels of wheat to make one barrel 
of flour, how many bushels will it require for 100 barrels 
of flour? .1«.9. 550 bushels. 
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28. If 7 barrels of flour are sufiicient for a family 6 
months, how many barrels will they require for 11 
months? ' Ans. 12|- barrels. 

29. If it take 25 yards of carpeting, a yard wide, to cover 
a certain floor, how many yards of -J carpeting would be 
necessary to cover the same floor ? Ans, 33|^ yards. 

30. If a person travel 8 miles in 10 hours, how far will 
he travel in 5 days, by traveling 8 hours each day 1 

Ans, 32 miles. 

31. If 35 pounds of feathers cost $15, what will 100 
pounds cost at the same rate ? Ans. $42-854-. 

32. If a man perform a certain piece of work in 18 
days, when he works 8 hours per day, how many days 
will he require if he work 10 hours each day 1 

Ans. 14 days, 4 hours. 

33. If a piece of board 12 inches wide and 12 inches 
long make one square foot, how many inches of length 
must be taken from a board 15 inches wide to make a 
square foot ? Ans. 9-f- inches. 

34. If 8 men can mow a field in 5 days, in how many 
days can 5 men do the same ? Ans. 8 days. 

35. If 27^ yards of cloth cost $60, how many yards 
can I buy for $100? Ans. 45f- yards. 

36. If 27f yards of cloth cost $60, what will 45f yards 

COBt? ^715. $100. 

37. If -I of a ship is worth. $9000, what is her whole 
value ? 

The whole ship being a unit, or -f, we have the Atio f ; 
hence, the answer is $9000 xf=$ 14400. 

38. If f^ of a city lot is sold for $500, what would ^ 
of the same lot sell for at the same rate ? Ans. $ 1 166}. 

89. Admitting that the earth moves in its orbit about 
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the sun, a distance of 597000000 miles, in 365 days 
hours, how far on an average does it move in each hour' 

Arts. 68104yf|y miles. 

40. The equatorial j)ortions, hy the diurnal rotation i 
the earth, moves about 24900 miles each day ? How f; 
is that in each hour? Ans. 1037-^ miles. 

41. If it require 10 years of 365^ days for light to pa 
from a fixed star to the earth, how many miles distant 
it, on the supposition that light moves 192000 miles 
one second ? Ans. 60590592000000 miles. 

42. If bj a leak of a ship f enough water run in, in 
hours, to sink her, how long can she survive ? 

Ans. 6Ar. 40iii. 

43. If I pay $25 for the masonry of 4000 bricks, ho 
much ought I to pay for the work which requires 1000( 
bricks? Ans, $625. 

44. If a steam-ship require 14 days to sail a distant 
of 3000 miles, what time, at the same rate of sailin 
would she require to sail 24900 miles ? 

Ans. 116 days 4| hours. 

45. Admitting the diameter of the earth to be 80( 
miles, and jthe highest mountain to be 5 miles, what el 
vation must be made on the globe of 16 inches diamet 
to represent accurately the height of such mountain ? 

Ans. -rhr o^ an inch. 

46. If $100 in 12 months bring an interest of $7, ho 
much will be the interest of $100 for 8 months ? 

Ans. $4*66f 

47. If the interest of $100 for 12 months is $7, wh 
will be the interest of $75 for the same time ? 

Ans. $5*25. 
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48. If in 12 months the interest of $100 is $7, how 
long must $100 be on interest to gain $10 ? 

Ans. 17-f months. 

49. If a glacier of 60 miles in length move 50 inches 
per annum, in what time will if move its whole length ? 

• " . Ans. 76032 years. 

50. If a staff of 10 feet in length *give a shadow of 15 
feet, how high is that tree whose shadow measures 90 
feet ? Ans. 60 feet. 

51. Suppose sound to move 1100 feet in a second; 
how many miles distant is a cloud, in which lightning is 
observed 16 seconds before the thunder is heard, no allow- 
ance being made for the motion of light ? Ans. 3^ miles. 

52. If it require 30 yards of carpeting which is f of a 
yard wide to cover a floor, how many yards of carpeting 
which is 1-} yards wide will be necessary to cover the 
same floor? Ans. 18 yards. 

53. If the earth move through 12 signs, or 360° in 365| 
days, how far will she move ine lunar month of 29-J-days? 

Ans. 29-3V7- degrees. 

54. Suppose a steamboat capable of making 15 miles 
each hour, to move with a current whose velocity is 2|. 
miles per hour, what will be the whole distance made 
during 13-J- hours ? And what distance will the boat 
move in the same time against the same current ? 

A i With the current, 236i miles. 
'^Against the " 108^ « 

55. If the mGignetic influence move through the tele- 
graphic wires at the rate of 200000 miles in one second of 
time, how many times could it pass around the world in 
one wcond, allowing the circumference of the earth to be ' 
34899 miles ? Ans. S^Hfr times. 
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• 56. If A can do a piece of work in 7 days, and B can 
do it in 8 days, what part of it can both do in 3| days? 

Ans. 1^1 of it. 
57. A reservoir, whose capacity is 1000 hogsheads, has 
a supply pipe by means of which it receives 300 gallons 
each houi* ; it also has two discharging pipes, the first of 
which discharges f of a gallon each minute, the second 
discharges IJ gallons per minute. The reservoir being 
empty, in what time will it be filled if the supply pipe 
alone is opened ? In what time, if the supply pipe and 
the first discharging pipe are opened ? In what time, ii 
the supply pipe and the second discharging pipe 1 And 
in what time, if all three are opened ? 

Supply pipe only opened, 210 hours = 8 J days. 



Ans.^ 



" "and 1st dis. pipe, 252 " =10+ « 
" " « 2d, " « 280 " =11| « 
" "1st and 2d" " 360 « =15 ^ 



COMPOUND PROPORTION\ 

llO* When the quantity required depends upon mon 
than three terms, the operation of finding it is called th( 
Rule of Compound Proportion. 

Suppose we have the following example : 

If 6 men can mow 30 acres of grass in 5 days, by work 
ing 8 hours each day, how many acres can 4 men mov 
in 9 days of 10 hours each ? 

H ad the number of days, as well as hours in each day 
been the same in both cases, the question would have be© 
eguivalent to the following : 
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If 6 men mow 30 acres of grass, how many acres will 
men mow ? 

It is evident the number of acres sought would be the 
.me fractional part of 30 acres that 4 men is of 6 men ; 
lat is, the quantity required is 

■f- of 30 acres. 

If, now, we take into account the number of days, still 
apposing the number of hours in each day to remain the 
tme in both cases, our question would become : 

If f*of 30 acres can be mowed in 5 days, how much can 
5 mowed in 9 days ? 

The answer in this case is obviously 

-J of -f- of 30 acres. 

Now, taking into account the number of hours each 
ay, our question will become as follows : 

If -f of I" of 30 acres can be mowed in a certain time, 
rhen 8 hours are reckoned to each day, how much could 
e mowed when 10 hours are reckoned to each day? 

This leads to the foUowhig final result : 

•Y off off of 30 acres. 

By cancelling, we reduce this last expression to 45 acres, 
'rom the above work we see that questions of Compound 
'roportion may be solved by the following 

RULE. 

Among the quantities given ^ there will he hut one like the 
fiswer, which one we will call the odd quantity. The other 
uantities will appear in pairs or couplets. Form ratios out 
feaeh couplet in the same manner as in the Rule of Three ; 
\en multiply all the ratios and the odd quantity together^ 
nd this wUl give the answer in the same denomination as 
\e odd quantity. 
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NoTK. — Before forming ratios from the couplets, they must be 
leduced to the same denominate value. 



EXAMPLES. 

1. If a person travel 300 miles in 17 days, travelinf 
only 6 hours each day, how many miles could he have 
gone in 16 days, by traveling 10 hours each day? 

In this example, the answer is required in miles, then* 
fore our odd term is 300 miles ? 

The first couplet consists of days ; and since in l^dajs, 
other things being the same, he could not travel as faras 
in 17 days, we must divide 15 bv 17. which gives |^ for 
the first ratio. 

The second couplet consists of hours ; and since in 10 
hours he could travel farther than in 6 hours, we must 
divide 10 by 6, which gives ^ for the second ratio. 

Multiplying these two ratios and the odd term together, 
we get 300 miles x+f X-V"- Cancelling the 6 of thede- 
ncminator against G, a factor of 300 (=-3-i{ » ) of the numer- 
ator, we have 50 x^X-^p-^Aii-pr miles, for the answer. 

2. If a marble skb 1 feet long. 3 feet wide, and 3 
inches thick, weigh 400 pounds, what will be the weight 
of another slab, of the same marble, whose length is 8 
feet, width 4 feet, and thickness 5 inches ? 

In this example, the answer is required to be given in 
pounds ; therefore 400 pounds is the odd term. The first 
couplet consists of the lengths ; and since 8 feet in length 
will give less weight than 10 feet, we must divide 8 by 
10, which gives -^ for the first ratio. 

The second couplet consists of the widths ; and since 4 
feet wide will give more weight than 3 feet, we must di- 
vide 4 by 3, which gives -I for the second ratio. 
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The third couplet consists of thicknesses ; and since 5 
inches thick will give more weight than 3 inches, we must 
divide 5 bj 3, which gives -J for the third ratio. 

Multiplying the odd term and these ratios together, we 
get 400lbs. X-ArX txi- Cancelling the 10 of the denom- 
inator against a part of the 400 of the odd term numerator, 
we get 40lb8. xixixi=^^^=71 H pounds, for the an- 
swer. 

3. 500 men, working 12 hours each day, have been em- 
ployed 57 days to dig a canal of 1800 yards long 7 yards 
wide, and 3 yards deep ; how many days must 860 men, 
working 10 hours each day be emlpoyed in digging an- 
other canal of 2900 yards long, 12 yards wide, and 5 yards 
deep, in a soil which is 3 times as difficult to excavate as 

the first ? 
In this example, the odd term is 57 days. 

The diffisrent ratios will be as follows : 
m=^ mtio of the men. 
•H= ^- ratio of the hours. 
ffj^=:-f| ratio of lengths of the canals. 
Jya= ratio of widths of the canals. 
•|=: ratio of depths of the canals, 
•f = ratio of the difficulty in excavation. 
Multiplying successively these ratios and the odd term, 
we have 

57 daysxff xtX-ttxVxixf 
This becomes, after cancelling factors, 

19 daysxAxfX-Vxf XtX+=549A»tdays. 

4. 15 men, working 10 hours each day, have employed 
18 days to build 450 yards of stone fence ; how many 
men, working 12 hours each day, for 8 dayB, will be requi- 
site to buiUv480 yards of similar fence ? Ans, 30 men. 

5. If it require 1200 yards of cloth \ ^id^ \.o Oic^>^\!^l!^ 

19 
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men, how many yards which is -f wide will it take to clothe 
960 men 7 A ns. 329 1 f yards. 

6. If 8 men will mow 36 acres of grass in 9 days, by 
working 9 hours each day, how many men will be re- 
quired to mow 48 acres in 12 days, by working 12 hours 
each day ? Arts. 6 merL 

7. If 11 men can cut 49 cords of wood in 7 days, when 
they work 14 hours per day, how many men will it take 
to cut 140 cords in 28 days, by working 10 hours each 
day? Arts. 11 men. 

8. If 12 ounces of wool make 2\ yards of cloth, that 
is 6 quarters wide, how many pounds of wool will it lake 
for 150 yards of cloth-, 4 quarters wide ? Ans. 30 pounds. 

9. If the wages of 6 men for 14 days be 84 dollars, 
what will be the wages of 9 men for 1 6 days ? 

Ans. $144. 
JO. If 100 men in 40 days of 10 hours each, build a 
."^all 30 feet long, 8 feet high, and 2 feet thick, how many 
men must be employed to build a wall 40 feet in length, 
6 feet high, and 4 feet thick, in 20 days, by working 8 
hours each day ? Ans. 500 men. 

1 1. In how many days, working 9 hours a day, will 24 
men dig a trench 420 yards long, 5 yards wide, and 3 yards 
deep, if 248 men, working 1 1 hours a day, in 5 days, dig a 
trench 230 yards long, 3 yards wide, and 2 yards deepi 

Ans, 288-7^7^ days. 

12. Suppose that 50 men, by working 5 hours each day, 
can dig, in 54 days, 24 cellars, which are each 36 feet 
long, 21 feet, wide, and 10 feet deep, how many men would 
be required to dig, in 27 days, 18 cellars, which are each 
48 feet long, 28 feet wide, and 9 feet deep, provided they 
work only 3 hours each day ? Ans. 200 men. 
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PRACTICE. 

111. Practice is a short method of finding the answer 
to such questions in the Rule of Three as have a unit for 
their first term. So named, because in the ordinary prac- 
tical businass of life very frequent use is made of it. 

As an example, suppose one bushel of apples to be 
worth 50 cents, what is the value of 18-j bushels ? 

Had the apples been worth $ 1 per bushel, it is plain 
that 18-J- bushels would have been worth 818-5^, that is. 
• 18*50. Now since 50 cents is just half of one dollar 
they must have been worth half of 818*50 ±=89*25. 

In order to work by this rule, we must make use of 
aliquot parts. An aliquot part of any thing is an exact 
part. In the above example, 50 cents is an aliquot part of 
81, since it is exactly half of 81. We will give some 
aliquot parts which are in frequent use, in the following 



TABLE OP ALIQUOT PARTS. 



els. • 


mo. yr. 


«. & 


d. 


Wr* 


60 = i 


6 = \ 


10 =i 


6 


= i 


33i= h 


4 = s 


6 8rf. =i 


4 


-_ 1 
— 5 


85 = J 


3 =* 


6 =J 


3 


= j 


20 = i 


9 =1 


4 =i 


2 


iSZ. X 


16|= i 


1 =A 


3 4d.=^ 


H 


= \ 


l'2\= i 


\hda, = ^f Imo. 


2 6(/. =i 


li 


^ A 


10 = A 


10 = 4 " 


2 =tV 


li 


= iV 


84= A 


6 = * " 


1 8rf.=T^ 


1 


= h d- 


«}=A 


5 =* " 


1 4rf. =tV 


2/ar. 


= \ot\. 


»=A 


3 =tV " 


1 =A 1 


= i " 



Wh«t bTkMtiM 1 What it an aliquot part of any thing 1 Repeat all the aliqnot 
^JbHv at given in the above tabla. Repeat in t&e tame way all the odMr 
pMla«r the table. 
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EXAMPLES. 

1. What will 435 yards of cloth cost, at $075 per yard? 
435 yards, at 81 per yard = $435. 

435 yards, at 50 cents per yard=| of 6435=217-50. 
435 yards, at 25 cents per yard=J of $435= 108-75 . 
435 yards, at 75 cents per jard= $326-25. 

2. What cost 13i pounds of tea, at 5^. 6d. per pound? 

13M. at 5^. =65^.=£3 5^. 

1 3/*. at 6d. or is. = 6 6d. 
ilb. at 5s. = 2 6 
ilb. at 6d, = 3 

£ 3 lAs.S d, 

3. What cost 37i dozen of eggs, at 1^. 4d. per dozen? 

37doz. at 1^. per doz.=37s.=z£i \7s. 

S7doz. at id. oris. =12i = 12 4d. 
kdoz. a,t Is. = 6 
idoz. at id. = 2 

Ans. £2 10^. 

4. If I receive 7 dollars for the use of 100 dollars for 
one year, how much ought I to receive for the use of 100 
dollars for 7 months, 18 days? 

1 year or 12 months gives $7 

6 months equals i of a year, gives $3^ 
1 month equals i of 6 months, 58^ 

15 days equals i of 1 month, 29i 

3 days equals + of 15 days, 5f 

Ans. $4-43-( 
6. What cost 7i cordfl of wood, at $2-75 per cord ? 

Ans. (20625. 
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6. What is the value of 28f pounds of butter, at 1 1 
ients per pound ? Ans. $31625. 

7. What is the value of 50OJ- yards of tape, at 2\ cents 
)er yard ? Ans. $11-261 25. 

8. What must I give for 13f bushels of oats, at 2^. Ad. 
3er bushel? Ans. £\ \2s. \d, 

9. What cost IS-J pounds of ham at 8 cents per pound ? 

Ans. tl-SO. 

10. What cost 15f gallons of oil, at $075 cents per 
gallon? Ans. $11-8125. 

11. What cost 4000 quills, at $225 per 1000 ? 

Ans. $9. 

12. What cost 27f yards of carpeting at 6^. 6(f. per 
yard ? Ans. £9 Os. A^d. 

13. What is the value of 25 bushels of potatoes, at 
$0-3 H per bushel? Ans. $7-8125. 

14. What is the value of 54 spelling-books, at 12^^ cents 
per copy ? Ans. $675. 

15. What is the value of 47^ reams of paper, at $3*25 
per ream? Ans. $154-375. 

16. What is the value of 30-J- gross of almanacs, at 
#2-25 per gross ? Ans. $68,625. 

17. What cost 16f gallons of vinegar, at is. Ad. per 
gallon ? Ans. l£ 2s. Ad. 

18. What is the value of 5-^ bushels of walnuts, at Ss. 
6d. per bushel ? Ans. £2 5s. Ad. 

19. What cost Si gross of matches, at $1 125 per 
gross? Ans. $3-9375. 

20. What cost 325 bushels of apples, at 37i cents per 
bushel? Ans. $121-875. 

21. What cost 16i yards of cloth, at $3f per yard ? 

Ans. $61-875. 
19* 
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22. If the interest on a certain sum of money is $735 in 
one rear, how much will it be for 5^ months? 

Ans. ^3 36^. 

'23. If the interest of ^10 J for one \'ear is 86, how much 
is it for 10 months and 10 davs? Ans. $5'16|. 

24. If a steam locomotive pass 18 miles in one hour, bow 
far will it move in 50^ minutes ? Ans. 15^. 

25. If the interest of 9100 for 12 months is 97, bow 
much is it for 4^ months ? Ans. 2-52^. 

26. What must I pay for 1-} cords of wood, 128 feet in 
a cord, at 6\ cents per foot ? Ans. 910.00. 



PERCENTAGE. 



113. The term per cent, is an abbrenation of per 
centum, which means by the hundred. 

Thus, 5 out of 100 is 5 per cent. 

6 out of 100 is 6 per cent. 

7 oat of 100 is 7 per cent. 
And so for other rates per cent. 

Different rates per cent, are most conveniently expressed 
by means of decimals. 

Thus, 1 per cent, is the same as 001. 

2 ^ « 002. 

3 « « 003. 

4 « « 0-04 

5 « « 0-05. 



PERCENTAGE. ^SJ 

In many cases the rate per cent, is very concisely ex- 
pressed by means of a vulgar fraction, as follows : 

1 per cent=T^. 10 per cent.r=-rVV=-Ar- 

2 « =T^xr=^. 20 ^ =T%=i. 
4 ^ =tU=^- 25 « =tW=+. 
6 " =T*Tr=iAr- 50 " =TWr=i. 
Suppose we wish 5 per cent, of $1122, we must take 

rh ^^ ^^1 ^^^ ^ ^^^^ ^J multiplying^ by the decimal 
005. 



OPERATION. 



$1122, 

005 . 

Ans. $56- 10. 
Hence, to find the percentage of any number, we have 
this 

RULE. 

Multiply Ike given number by the percentage expressed in 
decimals, and the product will give the percentage sought. 

From wliat is per eemt. abbreviated 1 And what does it liten 1 5 out of 100 is 
what per cent. 1 6ou4 of 100 is what per cent. 1 7 oat of 100 is what per cent ? 
What is the decimal expression for 1 per cent 1 What far S, 3, 4, Jus., per cent, t 
Bqieat the Role tat Cadiog the per cent, of e aamber. 

EXAMPLES. 



i. What is 4i per cent, of $10000 ? 

4 per cent« is 0*04. 
j[ per cent, is 0*005. 

4i per cent, is 0*045. 
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'^ Houring. What per cent, of the whole will he have 
^ ^ Ans. 8 1 per cent. 

^ 1 . A California miner having secured 1 5^ pounds of 
dust, finds it to lose 5 per cent, in refining ; he then 
ts 6 per cent, for coining. How much ought he to 
ive after it is coined 7 

Ans. 13-841.5 pounds =13Z*. iOoz. Ipwt. 23-^gr. 
\ 2. Suppose at each stroke of the piston of an air pump 
*" ^ per cent, of the air in the receiver is exhausted, what 
^^^ cent, of the air will remain after the 1st, 2d, 3d, and 
^^ll strokes, respectively ? 

r After the 1st stroke 90 per cent. 
J « « 2d " 81 " « 

« « 4th « GStVit" " 



SIMPLE INTEREST. 



1 13. Interest is money paid by the borrower to the 
lender, for the use of the money borrowed. 

It is estimated at a certain rate per cent per annum^ that 
is, a certain number of dollars for the use of $100, for one 
year. ^ 

Thus, when $6 is paid for the use of $100, for one year, 
the interest is said to be at 6 per cent. 

In the same manner when $5 is paid for the use of 
9100, for one year, the interest is said to be at 5 per cent. ; 
and the same for other rates. 

The rate per cmU. is generally fixed by law. In the 
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New England States the legal rate is 6 per eent^ while in 
the State of New York it is 7 per cent. 

The sum of money horrowed, or upon which the inter- 
est is "Computed, is called the principal. 

The principal, with the interest added to it, is called the 
amount. 

What ii Interaat 1 How is it ettimated 1 What ii the rate per cent, when 16 ii 
paid fur the uie of f 100 fur one year 1 What ii the rate per cent, when $5 ii in the 
■aroe way paid 1 Ii the rate per cent, generally fixed by law 1 What is the legal rsts 
per oent. in the New England States 1 What is it in the State of New York 1 What 
Ii the prineipal 1 What is the amount t 

CASE L 

To find the interest on any given principal, for any 
whole number of yea^, at any given rate per ceill. 

Suppose we wish the interest of $365*50 for 3 years, at 
7 per cent. 

By the definition of interest money, it follows that the 
interest of $36550 for one year, at 7 per cent., is 7 per 
cent, of $365-50 ; which by rule under Art. 113, we 
obtain, by multiplying $365 -50 by 007. Performing the 
multiplication, we have i365-50x 07 =$25-585 for one 
year's interest, which, multiplied by 3, the number of 
years, will give us $76755 for the interest of $36550 for 
3 years at 7 per cent. 

Hence the following 

I RULE. 

MuUiply the principal by the rate per cent,, expressed in 
J and that product hy the number of years ; observing 
fumd rule for pointing off the decimed figures. 
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EXAMPLES. 



1. What is the interest of $573* 15 for 5 years^t 6 per 
cent. I 

OPERATION. 

$573- 15= the principal. 
0-06 = rate per cent. 

$34*3890 =one year's interest 
5= number of years. 

Ans. $l71*945=five years' interest. 

2. What is the interest of $600 for 4 years at 5 per 
cent.? Ans. $120. 

3. What is the interest of $725 for 8 years at 4^^ per 
cent.? ^nj. $261. 

4. What is the interest of $149 for 5 years at 2 per 
cent.? ^nj. $14-90. 

5. What is the interest of $22525 for 10 years at 4 
per cent. ? ^ n ^r. $90 • 1 0. 

6. What is the interest of $311-30 for 11 years at 10 
per cent. ? Ans. $342 43. 

7. What is the interest of $501*50 for 2 years at 3^ 
per cent. ? Ans. $35* 105. 

CASE n. 

To find the interest on any given principal, for any 
given time, at any given rate per cent. 

Suppose we wish the interest of $126 for 3 yean 5 
months and 15 days, at 7 per cent. 



8IMPLB INTEREST. ^^ 

Note. — ^We have not extended oar work to more than three 
places of decimals, but have added 1 to the third place whenever 
the fourth decimal figure would be 5 or greater. 

2. What is the interest of •47-13 for 7 months and 21 
days, at 7 per cent. ? Ans. 2*118. 

3. What is the interest of $321*21 for 3 months and 
15 days, at 6 per cent. ? Ans, $5 -621. 

4. What is the interest of $270 for 2 months and 8 
days, at 7 per cent. ? Ans. 8357. 

5. What is the interest of $40444 for 1 year. 5 months 
and 4 days, at 7 per cent. ? Ans. $40*422. 

6. What is the interest of $9999 for 11 months and 
29 days, at 5 per cent. ? Ans. $4*986. 

7. What is the interest of $37*50 for 6 months and 10 
days, at &§• per cent. ? Ans. $1*287. 

8. What is the interest of $49*49 for 8 months and 8 
days, at 7 per cent. ? Ans. $2*386. 

CASE m. 

To find the interest on any given principal for any 
given time at 6 per cent. 9 

The interest on $100 for one year, at 6 per cent., being 
$6, it follows that the interest on $1, for one year, is 
$Q'06 ; and since 2 months is 1^=^ of a year, the inter- 
est on $1, for two months, is $0*01 ; again, since 6 days 
is ^=tV of 2 months, when we reckon 30 days to each 
month, it follows that the interest on $1, for 6 days, is 
$0*001. Hence, if we call half the number of months, cents, 
and one-sixth the number of days, mills, we shall obtain the 
interesi ^$1 for the giben time, at 6 per cent. 

The interest of $1 being multiplied by the number of 

dollars in the given principal, will obviously give the in- 

20 
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terest sought. As an example, suppose we wish the 
interest of $125 for 1 year, 5 months and 18 days, at 6 
per cent. 

$0085=int. of •! for I y. 5 m.= 17 months. 
3= " « " 18 days. 

$0088=int of $1 for 1 y. 5 m. and 18 days. 

If now we multiply ♦0O88 by 125, the number of dol 
lars in the principal ; or, which is the same thing, if we 
multiply »125 by 0088, we shall find $125 x0088=$ll 
for the interest sought. 

Hence we have this 

RULE. 

i. Call half the number of months, cents ; one-sixth th 
number ofdays,iaLLS\ and the result will be the interest oj 
%\for the given time. 

II. Multiply the interest o/*$l, thus founds by the numbe 
of dollars in the given principal, and the product bein^ 
pointed off by the rule for decimals, will give the interest n 
quired. 

^ EXAMPLES. 

1. What is the interest of 949 37, for 13 months and 1 
days, at 6 per cent. 7 

In this example, we find the interest on $1, for 13 montb 
and 15 days, at 6 per cent, to be $00675, which, mult 
plied by 49-37, the niunber of dollars in the principal, give 
93-332475, for the interest on 949-37, for the given time. 

2. What is the interest of 9608*62, for 1 year and 
^ths, at 6 per cent. ? Ans. 963-9051. 

i What is the interest of 9341*13, for 7 years and 
^ at 6 per cent ? ' Ans. $ 1 43786295. 
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4. What is the interest of $100, for 16 years and 8 
nonths, at 6 per cent.? Ans. $100. 

5. What is the interest of $59103, for 4 years, 3 months 
ind 7 days, at 6 per cent.? Ans. $151*402185. 

6. What is the interest of $0-134, for 4 months and 3 
lays, at 6 per cent. ? Ans. $0 002747. 

7. What is the interest of $750, for 7 months, at 6 per 
cent.? Ans. $0 2625. 

8. What is the interest of $37 1 01, for 4 years and 15 
days, at 6 per cent. ? Ans. $89-969925. 

9. What is the interest of $57*92, for 3 years, 7 months 
and 9 days, at 6 per cent. ? Ans. $1253968. 

10. What is the interest of $329, for 5 years and 13 
days, at 6 per cent. ? i Ans. $99-412f . 

11. What is the interest of $47*39, for 1 year and 7 
months, at 6 per cent. ? Ans. $4*50205. 

CASE IV. 

To find the interest on any given principal, for any given 
time, at any given rate per cent. 

Interest at 6 per cent, increased by ^ of itself will ob- 
viously give the interest at 7 per cent. The interest at 6 
per cent, increased by \ of itself will give the interest at 
8 per cent. If we diminish the interest at 6 per cent, by 
^ of itself, we shall obtain the interest at 5 per cent. And 
in all cases, by increasing or decreasing the interest at 6 
per cent., in the proper ratio, we may obtain the interest 
at any other desired rate. 

As an example, suppose we wish the interest of $300 
foi 1 year, 3 months, and 12 days, at 4-J- per cent 

By Case III. we readily find the interest of $800 for 1 
year, 8 months and 12 days, at 6 per cent., to be $23*10 



23*2 ELEMENTARY AllITHMBTIC. 

But the interest is required at 4-)- per cent initeidt 
6 per cent. If f of G be taken from 6, the remain^ 
be 4i : hence, if | of 9*33*10, the interest at 6 per ool 
taken from 9'23 10, the remainder will be the intM 
4i ix»r cent. Performing this operation, we have I 
—i of 9*23 10=817.3*25 for the interest of (300 
year« 3 months and 12 days, at 4^- per cent. 

Hence, we have this 

RULE. 

Find the interest on the given principal^ for the gim 
at 6 per cent.^ by Case III. Then increase^ or decrea 
interest by the same part of itself as it toauld be nt^ 
to increase, or decrease 6 per cent.^ in order to make i 
with the given rate per cent. 

EXAMPLES. 

I. What is the interest of 819-41, for 1 year, 7 i 
and 13 days, at 7 per cent. ? 

In this example, we find by Case III. that the 
of SlQ^^for 1 year, 7 months and 13 days, at 6 pc 
is •1-886005. Since 6, increased by its sixth part, 
7, it will be necessary to increase the interest jua 
for 6 per cent., by its sixth part, which becomes 82*2( 
for the interest at 7 per cent. 

2. What is the interest of 8530, for 3 years 

"^^^^l "^t 6 per cent ? Ans. ^ 

/« Sample, it was necessary to decrease th 

8 W^' cent., by its sixth part 

^ " W^at is the interest of 8537, for 4 year* 

2'^^ 8 per cent ? An^. 8175 

^ its th" ^**^P^ ^^ increase the interest at 6. pc 
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4. What is the interest of 94070, for 3 months, at 9 
per cent. ? ' Ans. $9 1-575. 

5. What is the interest of $3671, for 6 months, at 10 
per cent. ? Ans. $183*55. 

6. What is the interest of $492005, for 3 months, at 4 
per cent. ? Ans. $492005. 

7. What is the interest of $40- 17, for 3 months and 18 
days, at 3 per cent. ? Ans. $0*36153. 

8. What is the interest of $37-13, for 5 months and 12 
days, at 4+ per cent. ? Ans. $0*7518825. 

9. What is the interest of $489, for 3 years and 4 
months, at 5-^ per cent. 1 Ans. $89*65. 

10. What is the interest of $700, for 1 year and 9 
months, at 7 per cent. ? Ans. $85*75. 

Note. — When the principal is given in Elnglish money, we must 
reduce the shillings, pence and farthings, to the decimal of a jET ; 
and then proceed as in Federal money. 

11. What is the interest of £75 13*. 6<f., for 3 years and 

5 months, at 6 per cent. ? 

In this example, 13*. 6c/., reduced to the decimal of a 
£, is 0*675, so that our principal is jC75*675 ; the interest 
cm jCl, for 3 years and 5 months, at 6 per cent, is jErO-205, 
which, multiplied by 75*675, gives je:i5-513375=i:i5 10*. 
SiVirrf., for the interest required. (See Art. 00«) 

12. What is the interest of i^l4 5*. 3-J</., for 4 years 6 
months and 14 days, at 7 per cent.? 

Ans. £i 10*. 7-ftV^. nearly. 
18. What is the interest of £1 7s. 6d,, for 2 years and 

6 months, at ^ per cent. ? Ans. £0 3*. 1-}^. 

14. What is the interest of jC105 10*. 6d., for 9i 

months, at 5 per cent. ? Ans. £i 3*. 6d. l*95/ar. 

20* 
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INTEREST WHEN THE TIME IS ESTIMATED IN DATS. 

1 14:« Thus far, we have considered the time, for which 
interest is to be computed, as estimated in months aDd 
days, counting a month as tV of a year, and 1 day as it 
of a month, or -riir of a year. 

Now, as some months have 31 days, and others less 
than 31, we, by the previous methods, obtain sometimes 
too much interest, and sometimes too little, but the error 
must always be small. 

We will, under this Article, explain the more accurate 
method by means of days, which is sometimes called the 
Commercial Method. 

Suppose we wish the interest of $500 from May 15lh 
to November 20th, at 7 per cent. 

By Case L, Art. 113, we find fSOOx 007=$35 for 
one year's interest of $500, at 7 per cent. By Table 
under Art. 76, we find 189 days from May 15th to 
November 20th 

It is obvious that the interest for 189 days must be the 
same fractional part of one year's interest, that 189 daji 
is of 365 days. Hence, $35 xiff ='^^?i^=$18123+ 
for the interest of $500 from May 15th to November 2(hh, 
at 7 per cent. 

Hence this 

RULE. 

Multiply the principal by the rate per cent, expressed in 
decimals ; the product will be one yearns interest ; which mid' 
tiply by the time expressed in days, and divide this last pnh 
duet by 365, and the quotient will be the interest sought 
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1. A note of $37*37 was given May 3, 1848; how much 
as due on it Dec. 27, 1848, at 7 per cent. ? 
By the table under Art. 76, we find 238 days from 
ay 3. to Dec. 27. 

OPERATION. 

$37-37=principal. 
007=:rate per cent. 

$2'6159=one year's interest. 
238= time in days. 

209272 
78477 
52318 



365)622-5842(1 •705=interest sought in dollaiB. 
365 37-37 =principal. 

2575 $39 -075= amount. Ans. 
2555 

2084 
1825 

259 

2. A note of $365 was given July 4, 1847 ; what will it 
amount to, June 1, 1849, interest being 7 per cent. ? 

Ans. $4HBV 

3. What is the interest on $100 from January 13th to 
November 15, it being Leap-year, and interest being 6 
per cent. 1 Ans. $5047. 

4. What is the interest on $216 from March 10th to 
December Ist, interest being 5 per cent. % Ans. $7-871. 

5. What is the interest on $107 from April 12th to 
July 4th, interest being 7 per cent. ? Ans. $1*703. 
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6. What is the interest on $1000 from June 20th to 
August 13th, interest being 7 per cent.? Ans. $10-356. 

7. What is the interest on $730 from July 4th to 
December 25th, interest being 6 per cent.? Ans. $2088. 

8. What is the interest on $6337 from August 9th to 
December 31st, interest being 7 per cent.? Ans. $175. 



PARTIAL PAYMENTS. 



■r 



lis. When notes, bonds, or obligations receive pa^ }c 
tial pajrments, or indorsements,* the rule adopted by the li* 
Supreme Court of the United States is as follows : 

RULE. 

" The rule for casting interest, when partial payments 
have been made^ is to apply the payment^ in the first place, to 
the discharge of the interest then due. If the payment ex- 
ceed the interest, the surplus goes towards discharging tht 
principal, and the subsequent interest is to be computed on 
the balance of principal remaining due. If the payment be 
less than the interest, the surplus of interest must not he 
taken to augment the principal ; but interest continues on the 
former principal until the period when the payments taken 
together exceed the interest due, and then the surplus is to 
be applied towards discharging the principal ; and interest 
is to be computed on the balance, as aforesaid.*^ 

The above rule has been adopted by New York, Massa- 



' * TVoa a Latin phnua, in dorso^ roeaning "npon th« back;** iMeauM the pay 
%«yl« an written aeron the back of the note. 
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hysettSj and by nearly all the other states of the Union. 
?he following is the 

CONNECTICUT RULE. 

^ Compute the interest on the principal to the time of the 
irst payment ; if that he one year or more from the time the 
nterest commenced, add it to the principal^ and deduct the 
layment from the sum total. If there he after payments 
made, compute the interest on the balance due to the next 
oayment^ and then deduct the payment as above; and 
in like manner^ from one payment to another^ till all the 
payments are absorbed ; provided the time between one pay- 
ment and another he one year or more. But if any pay- 
ments be made before one year's interest hath accrued^ then 
compute the interest on the principal sum due on the obliga- 
tion^ for one year^ add it to the principal, and compute the 
interest on the sum paid, from the time it was paid up to the 
end of the year ; add it to the sum paid, and deduct that 
sum from the principal and interest added as above. 

If any payments be made of a less sum than the interest 
arisen at the time of such payment, no interest is to be com- 
puted, but only on the prificipal sum for any period,** 

examples. 
$620. Utica, Nov. 1, 1837. 

1. For value received, I promise to pay Thomas Jones, 
or' order, the smn of six hundred and twenty dollars, on 
demand, with interest. Charles Bank. 

The following indorsements were made on this note : 

1838, Oct. 6, there was indorsed. . . $61 07. 

1839, March 4, « « " . . . . 89 03. 

1839, Dec. 11, « « « . . . . 107-77. 

1840, July 20, « « «... 200-50. 
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What wns the balance due, Oct. 15, 1840, & 
per cent, interest, acconling to the U. S. rule? 

The pupil will liiul it convenient to arrange \ 
for finding the multipliers at 6 per cent, as follovi 

year. mo. da. 



Dale of note lt<37 


10 


I 


mo. da. 1 


multipUeni 


Isl indorsement 1838 


9 


6 


11 5 


0-055, 


2d indorsement 1839 


2 


4 


4 28 


0-024\ 


3d indorsement 1839 


11 


11 


9 7 


0-0461. 


4th indorsement 1840 


6 


20 


7 9 


00365. 


Dale of settlement 1840 


9 


15 


2 25 


00l4t. 








35 14 


0-mi 



Having found the diflferent intervals of time, weflj 
find the multipliers at 6 per cent, by Case III. Art. 11 

As i\ check upon our work, we add all the differed 
lervals of time together, and find it makes 35 monthji 
14 dajrs. We also add all the multipliers, and oh 
0177i. 

Now, subtracting the time the note was given from 
time of settlement, we also obtain 35 months aDi 
days, which time gives 01 77-^ for multiplier. 

It would be well in all cases where interest is to be 
on a note of many indorsements, to follow the i 
method of operation; since, by proceeding w^ith syste 
order, there is less chance for committing errors. 

If wo wish to have the result true to a cent, we 
carry our work to three decimal places, or to mills. 

In the following operation we extend the work to 
decimal places ; when the value beyond the third 
is one half or more, we add a unit to the decimal i 
third place, but when that value is less than one ha 
neglect it. 
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Having found the multipliers^ we continue the work as 

allows : 
The amount of note, or principal, is . . . $620 000 
Interest on the same, up to Oct. 6, 1838, is . 40*386 

Amount due on note, Oct. 6, 1838, is . . . 660386 
The first indorsement is 61 070 

599-316 
Interest from Oct. 6, 1838, to March 4, 1839, is 17-247 

Amount due March 4, 1839, is . . . . . 616-563 
The second indorsement is 89030 

527-533 
Interest from March 4, 1839, to Dec. 11, 1839, is 28-414 

555-947 
The third indorsement is 107-770 

448177 
Interest from Dec. 1 1, 1839, to July 20, 1840, is 19035 

467-2G2 
The fourth indorsement is 200 500 

266-762 
Interest from July 20, 1840, to Oct. 15, 1840, is 4-409 

Ans. 271-171 

$350. Utica, May 1, 1836. 

2. For value received, I promise to pay Isaac Clark, or 
der, three hundred and fifty dollars, with interest, at 6 
!r cent. N. Brown. 

Indorsements were made on this note as follows : 

Dec. 25, 1836, there was paid .... ^50. 

June 30, 1837, « " « 5. 

Aug. 22, 1838, " " « 15. 

June 4, 1839, « « « 100. 



\ 



« 
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How much was due April 5, 1840, if intareit. \^ copl;^ 
puted according to the U. S. rule % \ \z^ 

year, mo, (2e|. , muUiplim 1*^ 

Date of note 1836 .4 1^ m^da. at ^ per enlL\^ 

Ist indorsement h836 lU^ 7 24 0039. 

2d indorsement 1837 5 30 yr. 6 5 030*. ^ 

3d indorsement 1838 7 22 1 1 22 0068|. 

4th indorsement 1889 5 4 9 12 0047. 

Dateof settlement 1840 3 5 10 J O-OSOJ. h 

3 11 4 23H \^ 

The amount of the note, or principal, is . . $350*000 { 
Interest up to* Dec. 25, 1836, is 13*650 

363-650 
The first indorsement is 50 000 

313-650 
Interest up to June 4, 1839, is 45*950 

359-600 
Indorsement, June 30, 1837, which is } ^. 

•less than the interest then due, ) 
Indorsement, Ang. 2*2, 1838, ... 15 

This sum is still less than the interest ) ^^ 

now due, ) 

Indorsement, June 4, 1839, . . . 100 

•120-000 

This sum exceeds the interest now due. 

239*600 

Interest up to April 5, 1840, is 12020 

Amount due April 5, 1840, .... Ans. $251-620 

How much would have been due, had we computed 
nteiest according to the Connecticut Rule? 
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^dTA. — ^Wtf will, liere, indicate the steps of the process ondei 

ConAecticut Rule. First, £nd the amount of the principal sum 

one year; that is, to May 1, 1837. Then find the amount of 

first paym^t to the same date. Deduct the latter amount from 

former. N^xt, iuld the Amount of the new principal thus ob- 

led for another year, that iSr to May 1, 1838 ; then find the 

x>unt of the second payment to the .same time, and deduct as 

ore, and so on. Ans. $252*12. 

• lOS-Aflr- ' Utica, Dec. 9, 1835. 

3. For value received, I promise to paj Peter Smith, or 
ler, one hundred and eight dollars and fortj-three cents, 

demand, with interest, at 7 per cent 

John Saveall. 

■ * 

Indorsements were made as follows : 

March 3, 1836, there was indorsed . $50*04. 
Dec. 10, 1836, « « ^^ . . . 13 19. 

May 1, 1838, '• « " . . . . 5011. 

How much remained due, according to the U. S. rule, 
3t. 9, 1840? Ans. $5*844. 

How much according to the Connecticut Rule ? 

Note. — ^After several steps, there will be a new principal, Dec. 
1838. The interest is to be computed upon this, not for one year, 
kce there is no indorsement within the year, but up to the time of 
:tlement. Aris, $5*80. 

$143tW- Utica, August 1, 1837. 

4. For value received, I promise to pay D. Budlong, or 
arer, one hundred and fortj-three dollars and fifty cents, 



demand, with interest. 






W. Gould. 


Dec. 17, 1837, there 


was 


indorsed 


. . 937.40. 


July 1, 1838, " 


u 


tt 

• • 


. . 7-09. 


Dec. 22, 1839, « 


u 


• 


. . 13*13. 


Sept. 9, 1840, « 


u 

21 


tt 


. . 60-50. 
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How much remains due, according to each rule, Dec. 
28, 1840, the interest being 7 per cent. ? 

Arts. U. S. rule, $60,866. 

Note. — After a few steps we shall find a new principal, Aug. 1, 
1838. We compute the interest on this up to Dec. 22, 1839, as 
there is no payment within a year. From the amount deduct the 
payment made Dec. 22, 1839. We have, then, another new prin- 
cipal, the interest on which is to be computed for one year, that is, 
to Dec. 22, 1840, and added ; we find also the amount of the last 
payment to that date; deduct, and find amount of the balance, 
Dec. 28, 1840. Ans. Conn, rule, $60*73. 

5. A note of $486 is dated Sept. 7, 1831, on which, 

March 22, 1832, there was paid . . . $125. 
Nov. 29, 1832, « « « .... 150. 
May 13, 1833, « « " . . . . 120. 

What was the balance due, according to each rule, 
April 19, 1834, the interest being 7 per cent. ? 

^^^ J U. S. rule $144-404. 
^^' \ Conn. « 143 55. 

116. The principal, the rate per cent., the time and 
the interest, are so related to each other, that any three of 
them being given, the remaining one can be found. 

PROBLEM I. 

Given the principal, the rate per cent., and the time, ic 
find the interest. The rule for this problem has already 
been given under Case IIL, Art. 113 ; it is equivalent tc 
the following 
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RULE. 

Multiply the interest o/" $ I , for the given time and given 
rate per cent., by the number of dollars in the principal, 

PROBLEM n. 

Given the time, the rate per cent., and the interest, to 
find the principal. It is obvious that the interest on a 
given sum is as many times greater than the interest on 
(1, as the given sum is times greater than $1. Hence, 
we have the following 

RULE. 

Divide the given interest by the interest of 91^ for the 
given time, and given rate per cent, 

EXAMPLES. 

1. The interest on a certain principal, for 9 months and 
10 days, at 4^ per cent., is $10 1605. What was the 
principal ? 

In this example, we find the interest of $1, for 9 months 
and 10 days, at 4^ per cent., to be 90 035 ; therefore, 
$101605, divided by $0 035, gives 2903, for the number 
of dollars in the principal required. 

2. Wbat principal will, in 1 year, 7 months, and 15 
days, at 6 per cent., give $9*75 interest ? Ans. $100. 

3. What principal will, in 7 years and 9 days, at 6 per 
ceoL, give $16-86 interest? Ans. $40. 

4 What principal will, in 3 years and 6 months, at 5 
.cant, give f 92*75 interest? Ans. $530 
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5. Wnat principal will, in 3 months and 9 days, at 8 
per cent., give $90 interest ? Ans. $4090-909 



PROBLEM m. 

Given the principal, the time, and the interest, to fine 
the rate per cent. 

If the rate per cent, be doubled, other things being th 
same, the interest will be doubled ; if the rate per cent, i 
tripled, the interest will be tripled. And, in all cases, th 
interest at any particular rate per cent, is as many time 
greater than the interest at 1 per cent, as the given rat 
per cent, is times greater than 1 per cent. Hence, w 
have this 

RULE. 

Divide the given interest by the interest of the given pnt 
cipaly for the given tifne, at 1 per cent. 



EXAMPLES. 

1. The interest of $100, for 9 months and 10 days, 
J|3 60. What is the rate per cent. ? 

In this example, we find the interest of $100, for 
months and 10 days, at 6 per cent., to be $4 66|. Tt 
interest at 1 per cent, is $0-77|^ ; therefore, dividing $3-5 
by $0-77-f, we obtain 4J for the rate per cent, required. 

2. At what rate per cent, will $530, in 3 years and 
months, give $92-75 interest ? Ans. 5 per cent 

8. At what rate per cent, will $19*41, in 1 year, 
Qths, and 18 days, give $2-200339^ interest? 

Ans. 7 per cent 
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4. At what rate per cent, will fS-ST, in 4 years and 12 
days, give $1-73272 interest? Arts. 8 per cent. 

5. At what rate per cent, will $4070, in 3 months, give 
$9 1 -575 interest ? ^n^. 9 per cent. 

PROBLEM IV. 

Given the principal, the rate per cent, and the interest, 
to find the time. 

If the time for which interest is computed be doubled, 
other things being the same, the interest will be doubled ; 
if the time is tripled, the interest will be tripled. And in 
all cases, the interest for any particular time is as many 
times greater than the interest for one year, as the par- 
ticular time is greater than 1 year. Hence, we have this 

RULE. 

Divide the given interest by the interest of the given prin- 
cipalyfor 1 year, at the given rate per cent. 

EXAMPLES. 

1. In what time will $37* 13. at 4| per cent, give 
$0-7518825 interest? 

In this example, we find the interest of $37- 13, for 1 
year, at 4| per cent., to be $1-67085; therefore, dividing 
$0-7518825 by $1-67085, we get 0-45 years ; this reduced 
to months and days, gives 5 months and 12 days. 

2. In what time will $700, at 7 per cent., give $85 75 
interest ? Ans. \ year, 9 months. 

8. In what time will $100, at 6 per cent., give $100 

interest ? That is, in what time will a given principal 

doub1<^ itself at 6 per eent. interest ? Ans. 16| yeais. 

21* 
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4. In what time will a given principal double itself at 
7 per cent. ? Ans. 14f years. 

5. In what time> will a given principal double itself at 8 
percent;? Ans. 12-^ je^xs. 

6. In what tim« will a given principal double itself at 5 
per cent. ? Ans. 20 years. 

7. In what time will a given principal double itself at 
4^ per cent;? Ans. 22-f years. 

The following table gives the time required for a given 
principal to double itself at simple interest at various rates 
per cent. 



Per e«nt. 


Yeitn. 


Per cent. 


Yean. 


Per eenu 


Tcan. 


1 


100 


4 


25 


7 


14f 


>J 


«6? 


^ 


22§ 


H 


13i 


3 


50 j 


5 


20 


8 


12J 


8i 


40 


5i 


ISA 


i 8i 


im 


3 


33J 


6 


16f 


: 9 


11* 


3i 


28 ; 


6h 


ISA 


8i 


1018 



DISCOUNT. 

IIT. Discount is an allowance made for the payment 
of money before it is due. 

The present worth of a debt payable at some future time, 
without interest, is such a sum of money as will, if put at 
interest for the given time, amount to the debt. 

When the interest is at 6 per cent., the amount of Jl, 
for one year, is $ 1 06 ; therefore, the present worth of 
• 1*06, due one year hence, is 81. If the present 'worth 
of $1-06 is $1, it follows that the present value of $1 will 
be the same fractional part of $1, that $1 is of $106; 
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that is, the present value of $ 1 is -yJst of • 1, or ^f^. And 
since the present worth of two dollars is twice as great as 
for one dollar, we have -if#g- for the present worth of $2. 
And in the same way we find ^?#r ^or the present worth 
of 83 ; -f^ for the present worth of $U). . > • 

Had the time been 6 months instead of one jear, then 
would -^^^ be the present worth of $1 ; x^ft- would be 
the present worth of $2 ; -f?^ would be the piesent worth 
of $10. 

If we reckon 7 per cent, interest, the present worth of 
$1 for one year would be t^oT? ^^ ^ months it would be 
TTo^ ; and so on for other su ns and other rates of interest. 
Hence, we have the following 

RULE. 

Find the amount o/* $1, for the given time^ at the given 
rate per cent., then divide the sum whose present worth is re' 
quiredy by this amount^ and it will give the number of dollars 
in the present worth. Subtract the present worth from the 
given sum, and it will give the discount. 

What is Discount 7 What is the present worth of a sum of money due at some 
IntuTO period ? Whai is the present worth of $1*06, due one year heace, at 6 per cent 
iatereet 1 Repeat the Rule &r cempatiaf discount 

EXAMPLES. 

1. What is the present worth of $622-75, due 3 years 
and 6 months hence, at 5 per cent. ? 

In this example, we find the amount of $1, for 3 years 
and 6 months, at 5 per cent., to be $1175 ; therefore, di- 
viding $622*75 by $11 75, we get 530, for the number of 
dollars in the present worth. If we subtract the present 
worth from the sum, we get $92*75 for the discount. 
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8. What is the present worth of 94161*575, due 3 
months hence, at 9 per cent. ? Ans. (4070. 

8. What is the present worth of $7,10272, due 4 years 
and 12 days hence, at 8 per cent. 9 Ans. $5*37. 

4. Sold goods for 91500, to be paid one half in 6 months, 
and • the other half in 9 months. What is the present 
worth of the goods, interest being at 7 per cent. ? 

Ans. 91437-227. 

5. Sold goods for $1500, to be paid at the endof7i 
months. What is the present worth of the goods, interest 
being at 7 per cent ? Ans. $1437-126. 

6. What is the present worth of 950, payable at the 
end of 3 months, at 7 per cent.? Ans. 94914. 

7. What is the discount on $100, due 6 months hence, 
at 6 per cent.? Ans. 92-913. 

8. What is the discount on $750, due 9 months hence, 
at 7 per cent. ? Ans. $37-41 1. 

9. What is the present worth of $3471-20, due 3 years 
and 9 months hence, at 4^ per cent.? Ans. $2970 01 1. 

10. What is the discount of $150, due 3 months and 18 
days hence, at 6 per cent. ? Ans. $2 -652. 

11. What is the discount of 996M3, due 1 year and 5 
months hence, at 7 per cent. ? Ans. $86-713. 

12. What is the discount of 93740, due at the end of 7 
months, at 6 per cent. ? Ans. $ 1 -265. 

13. Bought a bill of goods for 9l200,^e third payable 
in 3 months, one third in 6 months, and the remaining 
one third in 9 months. How much ready cash ought to 
pay for the goods, if we consider money with 6 per cent. ? 

Ans. $1165-214-. 
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COMPOUND interest; 

lis* When, at the end of a year, or of any ^ven 
time, the interest due is added to the principal, and the 
amount thus obtained is considered as a new principal, 
upon which interest is to be cast for another given period, 
to be added in like manner to form a second new prin- 
cipal, and so on, the last amount thus obtained is called 
the AMOUNT AT COMPOUND INTEREST. If from this amount 
we subtract the original principal, we obtain the com- 
pound INTEBEST. 

How is the amoont of compound interest found 1 How is the compound intamk 
obtained 1 

EXAMPLES. 

1. What is the compound interest of 91000, for 3 years 
at 7 per cent. ? 

Principal, 81000 

Interest on ♦$ 1000 for one year, . . 70 

First amount, or second principal, • 1 070 
Interest on $1070 for one year, . . . 74*90 

Second amount, or third principal, . 1144-90 
Interest on $114490 for one year, . . 80-143 

Third amount, 1225 043 

Original principal, 1000 

The compound interest required, Ans. $225043 
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2. What is the amount of *100, at 6 per cent, per an- 
num, compound interest, for two years, when the interest 
is added in at the end of every six months ? 

Principal, $100 

Interest on $100 for 6 months, . . 3 

103 
Interest on $103 for 6 months, . . 309 

10609 
Interest on $10609 for 6 months, . 31827 

'109-2727 
Interest on $1092727 for 6 months, 3-278181 

Amount required, $112-550881 

3. What is the compound interest of $630, for 4 years, 
at 5 per cent? Ans. $135*769. 

4. What is the amount at compound interest, of $50, 
for 3 years, at 5 per cent. ? Ans. $57*881. 

5. What is the compound interest of $1000, for 4 years, 
at 6 per cent. 1 Ans. $262-477. 



BANKING. 

119. A BANK is an incorporated institution, created for 
the purpose of loaning money, receiving deposits, and 
dealing in exchange. 

The stock, or amount of money in trade, is limited by 
law, and owned by various individuals who are caller 
^oekholders. 

Banks are allowed to make notes which are denomi- 
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nated bank billsy which circulate as money, because, on 
demand of the holders of them, ihey must be redeemed 
by the banks, with specie. 

It is customary for banks, in most cases, when they 
loan money, to take the interest in advance ;* that is, to 
deduct it from the face of the note at the time the money 
is lent. The note is then said to be discounted. 

The sum to be discounted, or the face of the note, is 
called the amount. 

The interest deducted is called the discount. 

What then remains is called the present worthy or pro- 
ceeds. 

A note to be discounted, or bankable, must be made 
payable at some future time, and to the order of some per- 
son who indorses it. 

It is usual for the banks to take the interest for 3 days 
more than the time specified in the note ; and the borrower 
is not obliged to make payment till these three days have 
expired, which are for this reason called days of grace. 

What is a bank ? What ii the stock 1 Who are the stockholders 1 Hdw are 
bank notes called 1 Do they circulate as money 1 How are the banks obliged to 
redeem their notes 1 How do banks sometimes take the interest 1 When is a note 
said to be discounted 1 What is the amount 1 What is the interest deducted called 1 
How is that which remains called Y Does a bank note require an indorser? For 
fauw many days more than specified in the note do banks take interest 1 What are 
these three days called 1 

What is the banking discount on $1000, for 3 months, 
at 7 per cent. ? 

In this example, we find the interest on $1, for 3 
months and 3 days, at 6 per cent., to be $0-0155, which, 
multiplied by 1000, gives $15*50, for the discount at 6 

* This method of diseoanting bank notes is usurious, and is fast going out of us% 
mA iMiaad of it the banks now dadaei the disconnt as found by Rule under. Ai^'V 
St. 
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per cent. ; this, increased by its sixth part, becomes 
$18*08i for the discount at 7 per cent., as required. 
Hence we may find banking discount by the foltowing 



RULE. 

Compute the interest ( Case IV. Art. US,) on the given 
suniyfar three days more than is specified. This interest 
will be the discount. 

EXAMPLES. 

1. What is the banking discount of $150, for 6 months, 
at 6 per cent. ? Ans. $4-575. 

2. What is the banking discount of $375, for 3 months 
and 9 days, at 7 per cent. ? Ans. $7*438. 

o. What is the banking discount of $400, for 9 months, 
at 7 percent.? Ans. $21-23i. 

4. What is the banking discount of $2930, for 7 
months, at 5 per cent. % Ans. $0-867. 

5. What is the banking discount of $472, for 10 
months, at 7 per cent.? ^ Ans. $27*809. 

130. When the present worth of a bankable note, the 
time for which it is to be discounted, and the rate per 
cent are given, to find the amount or face of the note. 

What must be the face of a bank note which, when 
discounted for 4 months and 15 days, gives a present 
worth of $100, interest being 6 per cent. ? 

If we suppose the note to be $1, we find the banking 
discount for 4 months and 15 days to be $0,023 ; henfce 
$1 — $0-023 =:$0-977, is the present worth. Had the face 
of the note been $2, the present worth would have been 
twice $0.977 ; had it been $10, ten times $0^77, and 
*^4 «ame would be true for other ratios. Hence, in order 
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that the present worth of the note nlay be $100, its face 
must be as many times ^eater than $1, as 8100 is times 
greater than $0-977. Dividing $100 by $0*977, we find 
for a quotient 1 02354 -f. Hence, if a bank note for 
$102*35 be discounted for 4 months and 16 days at 6 per 
cent, interest, the present worth will be $100. 
Hence we have this 



RULE. 

f 

Compute the banking discount oti $1, for the given time 
and rate per- cent. ; subtract this discount from $ 1 , then 
divide the present worth by the remainder, and the quotient 
wiU be the amount, or face of the note. 

EXAMPLES. 

1. What must be the amount of a bankable note, so 
that when discounted for 3 months, at 6 per cent., it shall 
give a present worth of $600 ? 

In this example, we find the banking discount on $1, 
for 3 months, to be $00155, which, subtracted from $1, 
gives $0*9845 ; therefore, dividing $600 by $0*9845, we 
obtain $609-446, for the required amount of the note. 

2. What must be the face of a bankable note, so that 
when discounted for 2 months, at 7 per cent., the bor- 
rower shall receive $50 ? Ans. $50*62. 

The following table gives the amount of a bankable 
note, 80 that when discounted at 5, 6, or 7 per cent., for 
any number of months, from 1 to 12, the present worth 
shall be just $1. ^^ 

■.^ ■ 
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Mootta. 


S ptr cotu 


6 per e«at. 


7p«oaaU 


1 


1004604 


1005530 


1 -006458 


2 


1-008827 


1010611 


1-J012402 


3 


1013085 


1015744 


1-018416 


4 


1017380 


1020929 


1-024503 


5 


1021711 


1026167 


1 030662 


6 


1026079 


1031460 


1 036896 


7 


1030485 


1 -036807 


1-043206 


8 


1034929 


1042095 


1 049593 


9 


1039411, 


I 047669 


1 056059 


10 


1043932 


1053186 


1 -062605 


11 


1 048493 


1058761 


1 069233 


12 


1-053093 


1-064396 


1075944 



We will now work some examples by the aid of the 
above table. 

3. What must be the face of a bankable note, so that 
when disconnted for 10 months at 5 per cent,, the present 
worth maybe $1000? 

Looking in the table directly under the 5 per cent., and 
adjacent to 10 months, we find $1 043932; this, multiplied 
by 1000, gives $1043 932, for the face of the note re- 
quired. 

4. What must be the face of a bankable note, so that 
when discounted for 7 months, at 7 per cent., the present 
worth may be $7050 ? Ans. $73-546. 

5. What amount must I make my note, so that when 
discounted at the bank for 12 months, at 7 per cent., I 
may receive $100 ? Ans. $107-594. 

6. What must be the amount of a note, so that when 
discounted at the bank for 6 months, at 6 per cent., the 
borrower may receive $365? Ans. 9376*483. 
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COMMISSION. 

131, Commission is an allowance made to a factor 
or commission merchant for buying and selling. It is 
estimated at so much per cent, on the money used in the 
transaction. 

What is Commission 1 How is it estimated ? 

Since commission is a certain percentage of money em- 
ployed in buying and selling goods, it may be found by 
the rule under Percentage, Art. 112, which may be 
given as follows : 

RULE. 

Multiply the sum of money on which commission is to be 
computed, by the rate per cent, expressed in a decimal, and 
the product, when pointed off according to the rule for deci- 
mals^ will he the commission. 

EXAMPLES. 

I. What is the commission on $3765-50, at 3it per 
cent.? 

OPERATION. 

83765-50 
0035 

1882750 
1129650 



•131-79250 



2. What is the commission on $10000, at 4 per cent. ? 

Ans. $400. 
S. A factor sells 43 bales of cotton at $375 i^t \^«i<^^ 



Ki.KnirrABT abitbmbtic. 



much money! 

L J u 2:s w MwrLM* f Ams. 15802-50. 

4 A issiB ir & A snkcc 93605 to be iovested inj 

£ X u iKiBTv 3 per ccsL on the amoont paid for 

'^if nc^ Wiiir VIS i^ Talae of the stock poichasedt 

^bn» B s 9 atoEv* S ^ercmu i: is plain that flOSof 

Ay mzmrr wiuuf pipzhtse #100 wonh of stock. Hence, 

~3if uauimc cciEiAeii 5:r icock nnst be ff^ of $3605= 




, — -It joira^ ^se? » :^ i&ovr. whm tbe giren sum includes 

tokaov vhat amount lie 
' balance ma j be his eGB> 
^iride the gfren sum by 
bj a imit Thos, 
crrismr 53iS& ?t :^B. :^ {pMasi i« $35001, vkich is the sua 



? A nrr7jr r5e«rr«s ff5' I !2. aod is directed to parchase 
««r,?c: iz ^2?? T^PT nsl* r-* is lo lecerre 4 per cent, on 
±# =s:c>fT rail ?:?r :b» roc:ccL Haw many bales did he 

■ .„,.V 



•f^^ li— »4=$^>t S-V azxKzct paid for cotton. 
#5T50:'->^i5'9=^<*. number of bales. 

?\ Tbe ixjir v^.l^^e* oc l*^ sh?jes of bank stock wai i 
*!'» rwff s&aie. Whi: » ihe pfcseot ralue. if the stock 
» wv«h 1> Twr riKi:. :^K>Te par? Ams, #14750. 

7- Wha; is :be r^al^e of 50 shares o£ bank stock, the 
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onlj $$ per cent of its par ralue t Ans. $8800. 
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8. A bank fidls, and has in circulation $108567. It 
can pay only 13 per cent. What amount of nfpney has 
it on hand? Ans. $14113*71. 



INSURANCE. 

133* Insurance is a contract, by which an individual 
or company agrees to restore the value of ships, houses, 
or goods of whatever kind, which may be destroyed by 
the perils of the sea. or by fire. 

The security is given in consideration of a certain sum 
of money called the premium^ which is paid by the owner 
of the property insured. 

The premium is always estimated at a certain rate per 
cent, on the value of the property insured. 

The written agreement of indemnity is called a policy. 

What » Insaraneel What is premimn? How is the premium estimated] 
What is the policy 1 

It is obvious that the foregoing rules under Percentage 
and under Commission, may be employed for finding the 
insurance premium. 

EXAMPLES. 

1. If A gets his house insured for $1800, at 41 cents on 
$100, what will be the amoimt of the premium? 

Ans. $7-38. 

2. An insurance of $12000 was effected on the ship 
Ocean, at a premium of 2 per cent What did the pre- 
mium amount to ? Ans. $240. 

. 3. I effected an insurance of $5230 on my dwelling- 

22* 
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The whole cost of 320 barrels is $5 x 320 =$1600. 

Since he loses 10 per cent., one dollar's worth must sell 

for 90 cents. « 

1600 * 
0-90 

L 



Ans. $1440 00 what he receives. 

3. Suppose I buy 25 cords of maple wood at $2-50 per 
cord, and sell it so as to make 25 per cent. What must 
I receive for the whole ? 

The whole cost of the wood is $2-50x25 = $62-50. 

Since I make 25 per cent, one dollar's worth must sell 

for H^.1-25. 

$6250 
1-25 

31250 
12500 
6250 



Ans. $78-1250 what I receive. 

4. Bought a house and lot for $1400, and sold it for 
$1200. How much per cent, did I lose ? 

$1400 cost of house. 
$1200 what sold for. 

$200 what I lost on $1400. 

Hence, TVyV=i}=014f =14f per cent. 

5. Bought 225 gallons of molasses for 26 cents per 
gallon, and sold the whole for $64-35. What did I gain 
per cent. ? 

The whole cost of 225 gallons is $026 x225 = $58 50. 
The whole gain is $64-35— $58-50 = $5-85. Since $5 85 
is the gain on $58-50, it follows that the gain on $1 will 
be finind by dividing $5*85 by 58*5. Performing the 
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divinon, we have •585—58-5=0*1 or 0-10, that ifl^ 
guin ii 10 per cent. 

From the foregoing' examples we are able to dedixfll 
following principal 1 

RULES. 

/. The total gain or loss is the difference between 
first cost and the selling price. 

If. The first cost multiplied by l, increased by the 
per ceut.^ or by \ decreased by the loss per cent.j 
as a decimal, icill give the selling price. 

III. The whole gain or loss divided by the first costjw\ 
give the gain or loss per cent. 

6. Bought 75 pounds of coffee at 10 cents per poooLI 
At how much per pound must I sell it so as to gain t3 A* 
the whole? Ans. 9014. 

7. Bought 25 hogsheads of molasses, at $18 per hogs* 
head, in Havana ; paid duties, 916*30 ; freight, 9*25; 
cartage, 9550 ; insurance, 92525. What per cent shall 
I gain, if I sell it at 928 per hogshead ? 

Ans. About 34 per cent. 

8. If I buy broadcloth for 93*50 per yard, how much 
must I sell it at per yard so as to gain 25 per cent ? ; 

Ans. 94 37f 

9. If I buy cloth at 93*50 per yard, how many must I 
sell it at per yard so as to lose 25 per cent ? Ans. 92*62 f 

10. A person bought a city lot for 9800, and sold it so 
as to gain 40 per cent. How much did he sell it for 1 

Ans. 91120. 

11. A house which cost 93000 was sold for 92400. 
What per cent, was lost ? Ans. 20 per cent 

12. A house which cost 92400 was sold for 9300a 
aat per cent, was gained ? Ans. 25 per cent 
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FELLOWS HIP. * .-• 

134:« Fellowship is the union of two or more indi- 
^uals in trade, with an agreement to share the losses 
^id profits in the ratio of the amount which each in- 
Cridual puts into the partnership. The money empbjed 
M called the capital stock. 

The loss or gain to be shared is called the dividend. 

' What ia FeUowship 1 What w the capital itoek 1 What ii the dividend 1 
, EXAMPLES. 

1. A, B, and C, enter into copartnership. A put in 
J|180, B put in $240, and C put in $480. They gained 
||300. What is each one's part of the gain ? 

9180 A's stock. 
240 B's stock. 
480 C's stock. 

9900 whole stock. 



m= J = A*s part of the entire stock. 
.H*=tV=B*s « " " « " 
H»=A=C's '' ^ « " « 
Hence, A must have -J- of 9300= $60 for his gain. 
B « « tV of 9300= 980 « « 
C « " iV of 9300=9160 " « 



a 



9300 
From the above we may deduce the following 

RULE. 

Mmke each partner^s stock the numerator of a fraction, and 
th$Mum Iff their stack a common denominator; then multiply 
Ar mJblf gmk «f Use by each of these fractions, for each 
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2, Five persons, A, B, C, D, and E, are to share between 
them $2400. A is to have ^ ; B is to have 1 ; C is to JX 
have i ; D and E are to divide the remainder in proportion 
to the numbers 5 and 7. How much does each one 
receive ? 

A receives ^ of $2400 =$400. 
B « J of 2400= 600. 
C « iof 2400= 900. 

$1900. 

$2400 
1900 

$500 sum of I>s and E's part 

5 represents D's part. 
7 represents E*s part. 

12 represents the sum. 

Hence, D must receive ^^ of $500 = $208-33 J. 
E must receive /^ of 500= 291 661. 

3. There are three horses belonging to three men, em- 
ployed to draw a load of plaster a certain distance for 
$26-45. It is estimated that A's and B's horses do f of 
the labor ; A's and C's horses -j^y ; B's and C's horses H. 
They are to be paid proportionally according to these es- 
timates. What ought each man to receive? 

A's and B's horses do J n:^^. 
A's and C's horses do •A=-H 
B's and C's horses do ii=jto' 
Adding all these fractions together, we shall obtain 
twice what they all do, according to the above estimate; 
if we take half the sum, it will give the part supposed to 
be done by all. 

Hence, A's, B's, and C's horses do f|-. 
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If from this fraction we subtract -If, which is B's and 
^'s, we find J^ for the part supposed to be done by A's 
■^orse. In the same way we find A for the part done by 
' «*B horse. -^ will represent the part done by C's horse. 
Therefore, the parts which the three horses are sup- 
posed to do are -H, Aj A- These fractions, having a com- 
mon denominator, must be to each other as their numer- 
ators, that is, as 10, 5, 8, whose sum is 23. 

Hence, A ought to have ii of $2645 =$11 -50. 
B ought to have A of 2645= 575. 
C ought to have j^ of 26-45= 9-20. 

Proof, $26-45. 

4. A, B, and C, agree to contribute $365 towards build- 
ing a church, which is to be at the distance of 2 miles 
from A, 2-J miles from B, and 3-i- from C. They agree 
that their shares shall be proportional to the reciprocals 
of their distances from the church. What ought each to 
contribute ? 

The reciprocals of the numbers 2, 2-J, 3-J-, are i, -^j 
f ; these reduced to a common denominator, become -^l-J-, 
Hij "A%"- ^^'ow, we must obviously divide $365 in the 
proportion of these numerators ; their sum is 365. 

Hence, A must contribute ifi of $365=$16l. 
B " iif of 365= 112. 

C " -^g-of 365= 92 . 

Proof $365. 

5. A person wills to his two sons and a daughter, the 
following sums: To the elder son $1200, to the younger 
ton $1000, and to his daughter $600 ; but it is found that 
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his whtitb estate amounts to only $800. HBw mi 
ought each child to receive ? '*^ 

r The elder son received •342-857'f. 
Ang.-i The younger son received 285*7 1 4f ^ 

I The daughter received 171-428f. 

6. Four persons, A, B, C and D together contribute $5t)( 

towards the erection of a school-house, which is located 

at the distance of-J-of a mile from A's residence, -}• of a 

mile from B's, f of a mile from C*s, and 1 mile from D*8. 

They contributed in the reciprocal ratio of their respective 

distances tom the school-house. How much did ^ach 

give? 

A gave if of $500=^240. 

C " V^ of 500= 80. 
.D « ^of 500= 60. 



DOUBLE FELLOWSHIP. 

1S«]^* When the stock of the several partners continues 
in trade for unequal periods of time, the profit or Ices 
must be apportioned with reference both to the stock and 
time. In such cases the fellowship is called Double Fel- 
lowship. 

What is Double Fellowihip 1 

EXAMPLES. 

1. Three partners, A, B and C, put into trade money as 
follows : A put in $400 for 2 months ; B put in $300 for 
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4 months ; C put in $500 for 3 months. They gained 
4350. How must they share of this gain f 

It is evident that $400 for 2 months is the same as 
$400 X 2=6800 for one month. 

And $300 for 4 months is the same as $300 x 4 =$1200 
for one month. 

And $500 for 3 months is the same as $500 X 3 =$1500 
for one month. 

Hence, $800 A's money for one month. 
1200 B's money for one month. 
1500 C*s money for one month. 

$ 3500 

Therefore, by Single Fellowship, 

A must have •M^='^ of $350=$80. 
B « " +W=+lof 350=120. 
C " « ^^^=^.of 350= 150. 

$350 Proof. 
RULE. 

Multiply each partner^ s stock by the time it was in trade ; 
make each product the numerator of a fraction^ and the sum 
of the products a common denominator ; then multiply the 
whole gain or loss by each of these fractions^ for each part^ 
ner's share. " 

Rqieat this Snle. 

2. Three farmers hired a pasture for $55*50 for the 
season. A put in 6 cows for 3 months, B put in 8 cows 
for 2 months, C put in 10 cows for 4 months. What rent 
ought each to pay ? TA ought to pay $ 1 3-50. 

Ana. < B « 1200. 

23 LC - 3000. 



I 
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3. On the first day of January, A began business with 

•650 ; on the first day of April following, he look B into 

partnership with 8500 ; on the first day of next July, they 

took in C with $450 ; at the end of the year they found | 

they had gained $375. What share of the gain had ] 

each ? 

r A had $195. 

Ans.<B « 112-50. 

Ic « 67-50. 

4. A, B and C, have together performed a piece of 
work for which they receive $94. A worked 12 days of 
10 hours each ; B worked 15 days of 6 hours each ; C 
worked 9 days of 8 hours each. How ought the $94 to 
be divided between them? 

A worked 12 X 10=120 hours. 
B " 15 X 6= 90 hours. 
C " 9x 8= 72 hours. 

282 

Therefore, A had iU of S94=-J^ of $94z=$40. 
Bhad^^of 94=if of 94= 30. 
Chad^s^Vof 94=ifof 94= 24. 

5. A ship's company take a prize of $4440, which they 
agree to divide among them according to their pay and ihe 
time they have been on board. Now the officers and mid- 
shipmen have been on board 6 months, and the sailors 3 
months ; the officers have §12 per month, the midshipmen 
88, and the sailors '^6 per month ; moreover, there are < 
officers, 12 midshipmen, and 100 sailors. What will eacb 
one's share be? 

{Each officer must have $120. 
Each midshipman *' 80. 
Each sailor « 30. 
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ASSESSMENT OF TAXES. 

1SG« Taxes are moneys paid by the people for the 
support of government. They are assessed on the citi- 
zens in proportion to their property ; except the poll tax, 
which is so much for each individual, without regard to 
his property. 

In order to ascertain what each individual ought to pay, 
an accurate inventory of all the taxable property must be 
made. 

When a tax is to be assessed on property and polls, we 
must first see how much the polls amount to, which must 
be deducted from the whole sum to be raised ; we must 
then apportion the remainder according to each individual's 
property. 

To effect this apportionment, we find what per cent of 
the whole property to be taxed, the sum to be raised is ; 
wc then multiply each one's inventory by this per cent., 
expressed in decimals, and the product is his tax. 

Assessors find it convenient to form a table which shall 
at once give the taxes on small sums, from one dollar and 
upwards. 

What are taxes 1 How are they anessed 1 What ii a poll tax 7 Why must an 
aeeurate inventory of all the taxable property be made 1 When a certain tax i» to be 
laid on property and polls, which must be found first 7 Having deducted the amount 
of poll taxes, how do we proceed 7 Having found the tax on one dollar, how do vn 
obtain the tax for any other amount 1 May the labor be shortened by means of a 
^teblel 

EXAMPLES. 

1. Suppose a tax of $600 is to be raised in a town con- 
taiiung 60 polls. If the whole taxable property amounts 
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to $37000, and each poll lax is $0-75, what will be A'g 
tax, whose property is assessed at $653, and who pays 
one poll 7 

$0-75 amount of one poll tax. 
60 

$45 00 amount of all the poll taxes. 

$600 whole amount to be raised. 
Deduct 45 amount of poll taxes. 

$555 amount to be raised on $37000. 

Hence, -j-Hu-ji-=$0 015 tax on one dollar. 
Having foimd the tax on one dollar, we readily con- 
struct this 









TABLE. 








$1 pays 


$0 015 


$20 


pays 


$0-30 


$200 


pays 


$3 00 


2 " 


•03 


30 




•45 


300 


u 


4-50 


3 « 


•045 


40 




•60 


400 


a 


600 


4 « 


•06 


50 




•75 


500 


u 


750 


5 « 


•075 


60 




•90 


600 


u 


900 


6 « 


•09 


70 




105 


700 


ti 


10-50 


7 " 


•105 


80 




1-20 


800 


a 


1200 


8 « 


•12 


90 




1-35 


900 


u 


13-50 


9 « 


•135 


100 




1-50 


1000 


a 


15-00 


10 « 


•15 















Now, to find A*s tax, his property being $653, 1 find by 
the above Table, that 

The tax on $600 is $9-00. 
The tax on 50 is -75. 
The tax on 3 is •045. 

The tax on $653 is $9-795< 
One poll is *75 

$10*545 tax required. 
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2. Bj the above table, what would be the tax on $425, 
there being no poll tax? Ans, $6-375. 

3. By the same table, what must B pay, who has 2 
polls, and whose real and personal property is assessed at 
$762? ^nj..$ 12-93. 

4. If C pays 3 polls, and is assessed at $1250, how 
much ought he to pay? Arts. $21. 

5. What is the tax on $375, there being no polls ? 

Arts. $5 625. 

6. How much is the tax on $1875? Ans, $28- 125. 

7. How much is the tax on $1 100 ? Ans. $16-50. 

Note. — By this method school rates may be computed, taxes 
for baildiDg school-hoa4ses, or, indeed, rates for any other similar 
purposes. 
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137 • Equaton op Payments is a process by which 
we ascertain the Average time for the payment of several 
sums due at different times. 

What is Equation of Payments 1 

Suppose I owe $1000, of which $100 is due in 2 months, 
$250 in 4 months, $350 in 6 months, and $300 in 9 
months. Now, if I pay the whole sum at once, how 
many months credit ought I to have? 

A credit on $100 for 2 months' 
is the same as a credit on $1 for M00x2mo.=200mo. 
200 months. 
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A credit on $250 for 4 months "1 
is the same as a credit on $1 for ^250x4mo.=lOOOmo. 
1000 months. 

A credit on $350 for 6 months"! 
is the same as a credit on^l for >350x6mo.=2100mo. 
2100 months. J 

A credit on $300 for 9 months"] 
is the same as a credit on $1 for >300x9mo.= 2700mo. 

2700 months. J 

$1000 eOOOmo. 

Hence, I ought to have the same as a credit on $1 for 
6000 months. But if I wish a credit on 9 1 000 instead of 
• 1, it ought evidently to be for only one thousandth part 
of 6000 months, which is 6 months. 

Hence, we infer this 

RULE. 

Multiply each sum by the time that must elapse before it 
becomes due ; divide the amount of these products by the 
amount of the sums ; the quotient will be the equated time. 

EXAMPLES. 

1. I purchased a bill of goods amounting to $1500, of 
which I am to pay $300 in 2 months, $500 in 4 months, 
and the balance in 6 months. What would be the mean 
time for the payment of the whole ? 

Ans. A-^mo., or 4mo. \6da, 

2. A merchant owes $500 to be paid in 6 months, $600 
to be paid in 8 months, and $400 to be paid in 12 months. 
What is the equated time of payment ? 

Ans. 8fmo., or 8mo. I2da, 
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3 A owes B a certain sum; ^ne third is due in 6 
months, one fourth in 8 months, and the remainder in 1^ 
months. What is the mean lime of payment? 

It is evident that it makes no difference what the amount 
is which A owes B, since ii is certain fractional parts 
which become due at particular times. If we suppose the 
sum to be $1, then our work will be 

mo. mo, 
i X 6=2 
i X 8=2 
Remainder is t^, and t^ x 12=5 

Ans. 9 months. 

The least sum which we can take so as to avoid frac- 
tions is $12. In this case we have 

■1^ of 12 r= 4, and 4 x 6mo.=24ma 
I of 12=3, " 3x Smo.=:24mo. 

Remainder, =5, " 5xl2mo.=60mo. 

12 iOSmo. 

Hence, -^^=9 months for the time. 

4. A merchant has due him 8300 to be paid in 2 months ; 
f800 to be paid in 5 months; $400 to be paid in 10 
months. What is the equated time for the pajTnent of the 
whole ? Ans. 5-j-Jwo., or 5mo. 22d<i. 

5. A merchant owes $1200, payable as follows : 8200 
in 2 months, $400 in 5 months, and the remainder in 8 
months. He wishes to pay the whole at one time. WT;iat 
is the equated time of such pa3rment ? Ans. 6 months. 

6. A merchant bought goods to the amount of $2400, 
for one fourth of which he was to pay cash at the time of 
receiving the goods, one third in 6 months, and the balance 
in 10 months. What was the equitable time for the pay- 
ment of the whole ? 
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i of 92400 s 9600, which for 
months gives 600 x 0= Oat. 

I of $2400=9800, which for 6 
months gives 800 x 6= 4800m 

Balance= 91 000, which for 10 
months gives 1000xlO=:10000 gto 

2400 \4SOOmo 

Hence, 14800w(;.~2400=6^ months for the time songht 
It is obvious that the time may be estimated in dap as 

well as in months. To illustrate this we will give several 

examples of this kind. 

7. Suppose I owe $100 payable on January 1st, $150 
on February 5th, $300 on April 10th. If we count from 
January 1st, and allow 29 days to February, it being 
Leap year, on what day ought the whole sum in equity 
to be paid ? 

Counting from January 1st, the $100 will have no time 
of credit: 100 x Oda.z= Oda. 

From Jan. 1st to Feb. 5th is 
35 days: I50x 35Ja.= 5250d^ 

From Jan. 1st to April 10th is 
1 00 days : 300 x 1 OOda. = 30000 J«. 

550 35250da. 

Hence, 35250rfa.-i-550=:64^ days, or counted from 
Jan. Ist, gives March 5th for the equated time of the pay- 
ment of the whole. 

Note. — The table under Art. T6 will be fooDd very convenient 
for determining the number of days between the different dates. 

8. A merchant bought a bill of goods amounting to 
^ ' 000. He agrees to pay $250 the first day of the next 

Pch, $250 on the 3d of the following May, $250 on the 
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4th of the following July, and the remaining $250 on the 
15th of the following September. What would be the 
equitable time for paying the whole 7 

In this example, all the payments being equal, we may 
take for each one any sum we please. For simplicity we 
will consider each payment as $1. 

Counting from March 1st, we see that the first payment 
has no credit: Ix days= days. 

From March 1st to May 3d 
is 63 days: 1 X 63 days= 63 days. 

From March 1st to July 4th 
is 125 daj's: 1x125 days =125 days. 

From March 1st to Sept. 
15th is 198 days: 1 x 198 days = 198 days. 

$4 386 days. 

Hence, 386 days-f-4=96-i^ days. Calling this 97 days, 
and counting from March 1st, we have June 6th for the 
time sought. 

When a debt due at some future period has received 
several partial payments before the time due, to find how 
long beyond this lime the balance may in equity remain 
xmpaid. 

9. Suppose 81000 to be due at the end of 6 months; 
that 3 months before it is due there was paid 8100, and 
that 1 month before the expiration of the 6 months, there 
was paid $300. How long after the end of the 6 months 
may the balance of $600 remain unpaid ? 

100x3i7io.=300mo. 
300x1 mo. =300m o. 

600)600 mo. 

Ans. 1 month. 



184a 


Dr. 


1848. 




Jan. 10. To Merchandise, . 


. tioo 


Feb. 8. By Merchandise, 


• 


March 96. " "... 


. 400 


April 23. " "... 


• • 
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Hence we have this ' ^' 

RULE. 

Multiply each payment by the time it was paid before ive ; y^ 
then divide the sum of the products thus obtained by tk 
balance remaining unpaid; the quotient will be the equated 
time, 

EXAMPLES. 

10. Suppose 91496*41 to be due at the end of 90 days, 
that 84 days before it is due there is paid $500 ; 32 days 
before the 90 days expire there is paid $502-50. How 
long after the 90 days befora the balance of $493-91 
ought to be paid '? Ans. 1 1 7-J- days. 

1 1. A lent $200 to B for 8 months ; at another time he 
lent him $300 for 6 months. For how long a time ought 
B to lend A $800 to balance the favor ? 

Ans. 4-}- n&onths. 

128. It is customary with many merchants to give a 
credit, of from 3 to 6 months, on their bills of sale. In 
such cases, in settling up their accounts, which generally 
consist of various items of debit and credit at sundry times, 
it is very desirable to have some simple rule by which the 
cash balance can be found. We have prepared a rule 
for this purpose. 

Suppose A has the following account with B : 

Or. 
t50 
375 

What is the cash balance, July 10, 1848, if interest is 
estimated at 7 percent, and a credit of 30 days is ailowed 
on all the different sums 7 
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If interest were not considered, the above account could 
be balanced as follows : 



1848. Dr. 

Jan. 10. T» Metcfcandwe, . . 9100 
Ifarckaa. •* •*,.... 400 



1848. Cr. 

Feb. & By MerebandiM, . . #50 

April 23. ♦♦ " 375 

** Balanra 75 

•500 



•500 

To Balance 975 

Had. no credit been given, the debits should be increased 
bj the following items of interest: (See Table, Art. TG, 
and Rule, Art. 11 4.) 

On $100 for 182 days at 7 percent. = 100 x 182 xf;^^. 
« 400 '* 106 *' " " =400xl06xf,^. 

In like manner the credits should be increased by in- 
terest: 

On $50 for 153 days at 7 per centn 50 x 153 x^V^. 
u 375 a 78 « u u =375 x 78 xf^. 

But, since 30 days credit is given on all sums, it follows 
that by the above, we should increase the debits by an 
excess of interest equal to the interest of the sum of 
debits, $500, for 30 days =500 x 30 x-}?f . In like man- 
ner we should increase the credits by an excess of in- 
terest equal to the interest of sum of credits, $425, for 30 
days=425x30xfV*f. 

Now if, instead of diminishing the debit items of interest 
by 500 X 30 X^*^, and the credit items of interest by 425 
X 30 x -jyf , we merely diminish the debit items of interest 
by the interest on merchandise balance, $75, for 30 days, 
which is 75X30xiV*^, the result will be the same. 
And since taking any sum from one side of a book 
account has the same efifect as adding the same sum to 
the other tide, it follows, that instead of diminishing the 
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MulHpty the difference between the sum of the debit pro* 
ducts^ and the sum of the credit products,^ by the interest of 
^1 for 1 day ; the product will be the number of dollars in 
INTEREST BALAKOE, which will be infavoT of the debit side of 
account, when the sum of debit products exceeds the sum of 
credit products ; but in favor of the credit side when the 
sum of credit products exceeds the sum of debit products- If 
then^ the interest balance be added to, or subtracted from, the 
merchandise balance, as the case may require, it will give the 
cash balance. 



EXAMPLES. 



1. Suppose A has the following account with B : 



1848. 
Jan. 1. 
Ilarcb3. 
May 10. 

Jane 6. 



To Merchandise, 



u 



{« 



« 



«( 



Dr. 

.$300 
. 500 
. 100 
. 300 



1100 
950 



1848. 
Jan. 15. 
March SO. 
May 3. 
July 1. 



By Merchandise, 



<t 



<( 



t( 



Cr. 
.9300 
. 400 
. 900 
. 50 



•aso 



Merchandise balance $150 

Wliat is the cash balance of the above account on the 
1st of July, 1848, provided each individual is allowed 90 
days time on his purchases, if interest is estimated at 7 
per cent. ? 



1>CBIT PkODUCTS. 

$ Days. 

200x18-2=36400 
600x120 = 60000 
100 X 62= 5200 
300 X 26= 7600 



llOOx 



loeioo 



OPERATION. 

Credit Products. 
$ Days. 

300x168+60400 

400X103=41200 

200 X 69 = 11800 

60 X 0= 

Md. bal. 160 X 90 =13500 

116900 
109100 



24 rfi of 7800»l-49 nearly, 
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in favor of the debtor side, consequently the cash balance 
is $80-48-1-$ 18-44=«40€92 in favor of A. 

What is meant by a cash balance 1 What is meant by merchandise balance? 
Instead of dininishinf one side of a book account by a certain sum, what may be , 
done 1 How is the interest balance found 1 In favor of which side of an account 
win the interest balance be 1 Repeat the Rule. In practice, what may be done with 
the cents in any of the entries 1 
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139. The ptoduct arising from multiplj'ing a number 
into itself is called the second power, or the square of that 
number. Thus, 3x3=9: the number 9 is the square 
of 3. 

If the square of a number be again multiplied by that 
number, the result is called the third power, or the cube of 
the nmnber. Thus, 3x3 x 3=27 : the number 27 is the 
cube of 3. 

The word power denotes the product arising from mul- 
tiplying a number into itself a certain number of times ; 
and the number thus multiplied is called the root. Thus, 
9 is the second power of 3, and 3 is the square root of 9. 
In the same manner 27 is the third power of 3, and 3 is 
the cube root of 27. 

The product arising from multiplying a number into itself is called what t If it be 
used at a factor three times, what power is it 1 The number 9 is what power of 3 ? 
The nomber S7 is what power of 3 ? What is the square root of 9 1 What is the 
cob* root of S71 

130« Involution is the method of finding the powers of 
numbers. 

To denote that a number is to be raised to a power, a 
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smill %ure is placed above, a- little to the 
nuiiibei whose power is to be found. 

The small figure ia called the index, or exf 

Thus, 4'=4 X 4= 16 ; here the exponent is 

notes the second power of 4. Id the same v 

3'= 3 the first pow 

3*=3 X 3= 9 the second p 

3'=3x3x3= 27 the third po\ 

3*=3x3x3x3=: 81 the fourth p( 

3*=3x3x3x3x3=243 the fifth pow 

&c., &c. 

The second power of a num- • *"*=■ 

ber is called the sgvare of 

that number, because it may 

be represented by means of a 

geometrical square. Thus, 

in the adjacent figure if the 

side of this square is 1 2 linear 

units, as 12 inches long, its 

entire surface will be denoted 

by 1 2 X 12 = 1 44 square units, 

which in this case will be 144 square inches 

F'or a similar reason, the 
third power of a number is ' 

called the cube of that number, ■■''^f^ 

smce it can be represented by fi||il|l||||[1i||]Ij 
the geometrical cube, as in the | P I P l i 
arfjaceni figure, where the aide " |||||||fl 
Of the cube is supposed to be 3 II || 1 

'"JBor feet, consequenUy each iliuliMWi 
ftce wiU b6 3x3=9 square 
-, Ud its volume will bo 3x8x3=27 cut 
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To raise a niunber to any power, we hare the follow- 
ing 

RULE. 

Multiply the number continually by itself^ as many times 
Uss one as there are units in the exponent ; the last product 
toill be the power sought. 

What i« In volation 1 How do we denote that a number is to be raised to a power 1 
What is this small figure placed above, a little to the right, called 1 Bepeat the Rol*. 

EXAMPLES. 

1. What is the square of 23 ? Ans. 529. 

2. What is the cube of 17 ? Ans. 4913. 

3. What is the fifth power of 47 ? Ans. 229345007. 

4. What is the ninth power of 9 ? Ans. 387420489. 

5. What is the square of 625 ? Ans. 390625. 

6. What is the cube of 48 ? Ans. 1 10592. 

7. What is the square of 075 ? Ans. 05625. 

8. What is the cube of 0-65 ? Ans. 0-274625. 

9. What is the square of 8J ? Ans. 72J. 

10. What is the square of J ? Ans, tV- 

11. What is the cube of -f ? Ans, -Hf. 

12. What is the cube power of 3i? ^n^. -4f^=37iiV- 

13. What is the fifth power of 2^ ? 

Ans. ^\\^l.^\5^^f^. 

14. What is the third power of 05 ? Ans, 0125. 

15. What is the fourth power of 0-25 % 

Ans, 000390625. 

16. What is the square of J ? Ans, ^ 

17. What is the cube of IJ? Ans, 3f. 

18. What is the cube of 24? Ans. IOtVj. 

24* 



5^2 BLBMBNTART ARITSMBTIG. 

EVOLUTION. 

131. Evolution is the reverse of involution ; that is, 
it explains the method of resolving a number into equal 
factors. 

When a number can be resolved into equal factors, one 
of these factors is called a root of the number. 

If the number is resolved into two equal factors, one of 
these factors is called the square root. 

Thlis, 36=6 X 6, and 6 is the square root of 36 In the 
same way 7 is the square root of 49, since 49 = 7 x 7. 

To denote that the square root of a number is to be 
found, we use the symbol \/. Thus, -v/81 denotes that 
the square root of 81 is to be found; that is, -v/81=9; 
so -v/100 = 10; -v/25=5. 

When a number is resolved into three equal factors, one 
of these factors is called the cube root of the number. 

Thus, 64=4 X 4 X 4, and 4 is the cube root of 64 ; also 
5 is the cube root of 125, since 125=5x5x5. 

To indicate that the cube root of a number is to be' 
found, we use the symbol ^] thus, ^27 denotes that the 
cube root of 27 is to be found ; that is, -^27 = 3 ; so^v64 
=4; -^8=2; -^216^:6. 

We shall hereafter use the dot (.) to denote multiplica- 
tion. Thus 3.4 indicates that 3 is to be multiplied by 4. 
Also 3x4.8 denotes that the product of 3 and 4 is to be 
multiplied by 8. 

When the dot is used to denote multiplication, it is 
placed near the bottom of the line, but when used to de- 
note a decimal, it is placed near the middle of the line. 

What ia Evolution 1 When a number can be resolved into a number of equal fac- 
totTf wImI ii sneh a factor called 7 If the number is resolved into two equal facton, 
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what it the root etlled 1 Wlien ratohred into tines eqiuJ faeton, what it the root 
called 1 What character it nied to denote the tqoare root 1 What to denote the 
cube root? What it the square root of 81 1 What it the square root of 100 ? What 
is the cube root of S7 1 What it the cube root of 8 1 What additional sign of mul 
tiph'cation it uied 1 

Before explaining the method of extracting the square 
roots of numbers, we shall involve some numbers by con- 
sidering them as decomposed into units, tens, hundreds, &c. 

What is the square of 25 ? Of 35 ? 

OFESATION. OPERATION. 

25=20+ 5 35=30-1- 5 

20-h 5 30-h 5 

lOO-f-25 150+25 

400+100 900+150 

25^=400+200+25 35' =900 +300 +25 

Bj a similar method, we find 

46«=(40+6)«=40«+2 x 40.6+6«= 1600+480+36. 
64«=(50+4)«=50''+2x50.4+4''=2500+400+16. 
93«=(90+3)'=90''+2x90.3+3»=8100+540+ 9. 
48'=(40+8)«=40''+2x 40.8+8''= 1600+640+64. 

From the above, we draw the following property : 

The square of the sum of ttoo numbers is equal to the 
square %f the first number, plus twice the product of the 
first number into the second, plus the square of the 
second. 

If we wish the square of the sum of three numbers, as 
6+8+9; we may unite the first and second by means of 
a parenthesis, thus, for 6+8+9, we may make use of 
(6+8) +9; and now regarding 6+8 as one number, the 
preceding rule for the sum of two niunbers will apply to 
(6+8)+9, that is, the square of 6+8+9 is equal to the 
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<if v^^*^^ ?^tt* <^*^ ^* product of (6+8) into! 
^u» \ii^ ^*^Ax <H 9. But the square of 6+8 has 
Vmu «^%u V >»,. :^« ji^ittxe of 6, plus twice the ptodndti 
^" ;> .it,v» 5». AU* •.J:^? i^-iAx» of S, Hence, the square if 
$-«• $ «* ;) .;(L zf^udu ^^ :a« square of 6, plus twice the pto* 
jtuci >/; > uh^> X 9tu* the squaro of 8, plus twice the p» 
iuci ^ ^a# «;.utt «>£' Qi a:^i S unto 9^ plus the square of I 

!V .Hi^ar» jf/\.^ s%m jf sJkrft mumbers is equal to tk 
i^m^v V;^ %rM tciMiiVrr^ 9»W ^rm tJke product of the Jin 
'%,iumtH* a«*v .'ifr .<«\^'W. 9MW tM sifmmrm of the second; pba 
«'^^'v :/te M«««*^>r V:/W oBMit ^/tMt Jk'st two into the third 
SNi^< Jkf >y««fv j/::^ :,'UrtL 

C\Hi:::tam^ .u ;dus» w\y^ we could show that, the squai 
ji' :m ^m jf' jm« ^tMnWr ^r 'tumktn is tke square of th 
irst tumotfT^ »»W :««i,v :.W vrWMi of the first number tati 
im jm,vmJ^ Wb^x .vW ^u*jttrf ^f:.tf jhcvaJ ; plus twice the pro 
^hct j^r' :/W ^««m j/ .'.W /iV^ nrv into the third, plus th 
oy«MM« .>r :/H> :fu/\k; »*W <*vtctr ;.W product of the sum oftk 
^tst s/iAM '.hco :fHf f^/ttnrk : o^as the square of the fourth 
oUi^ :%Ht>f :/kf wviittcf i^f ^%f ^nuM tft the lirst four into th 
lifl/K v*W tAtr oa^oAT t^rcho lif^ c dW «• en. 

We wxU uow dkpplv thb$ gecwfal ruk to a few ex 
ampler!. ^ 

2. ^,5+T^*=5V^\5.r'r:'. 

a (3+4+3)*=3*+:ixa.4+4'+^x(3+4)-5+5*. 

4. (,5+6+T)*=:5^+2x5.6+6»+:axv5+6).7+7* 

5. (7+8+9)*=:*+:ixT.S+S*+2x(7+8).9+9«. 
6 (35)»=(30+5)'=:30*+2x3a5+5«. 

7. (47)«=(40+7)»=40^+2x40.7+r. 

L (365)'=: (300+60+5)' = 300>+ 2 x300.60+60^H 
(300+60).5+5'. 
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9. (487)«= (400+80+7)«= 400"+2x 400.80 + 80"+ 
X(400+80).7 + 7». 

The above method of squaring a nnmber consisting of the sum 

ttwo or more numbers, is elegantly illastrated geometrically ab 
lows: 

' The square ABCD may be en- 
Inged to the square AEKF, by the 
Addition of the two equal rectangles 
66 and DH, whose lengths are each 
jqoal to the side AB of the original 
•QQare, and whose widths are equal 
to BE, the quantity by which the 
iide of the square has been aug- 
Biented, also a little square, CGKH, 
^bose side is the same as the width 
f one of the equal rectangles. 

Again, the square AEKF, having its side increased by EL, be- 
bmes augmented bjc the two rectangles EN, FP, and the little 
quare KR. Thus we might continue to augment the square last 
:>and by the addition of two equal rectangles, and a little square; 
be length of each rectangle being equal to the side of the square 
ehich is to be augmented, and the width equal to the quantity by 
^hich the side of the square is increased; and the side of the little 
quare being the same as the width of one of the rectangles. The 
liagram is adapted to the case of squaring 400+80+7=487. 

133* Let us now, by reversing the above process, deduce a 
rule for extracting the square root. 

Let it be required to extract the square reot of 527076. For the 
sake of simplicity, we will suppose we are required to find the num- 
ber of feet In the side of a square whose area shall contain 527076 
square feet. 

The smallest number, consisting of two figures, which is 10, bo- 
comes, when squared, 100; having more than two figures. Again, 
the largest number of two figures, 99, becomes, when squared, 9801, 
having four figures. Hence, when a number consists of more than 
two figures, and of not more than four, its square root will consist 
of two figures. By a similar method it may be shown, that when 
i number consists of more than four, and of not mors than six 
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igle, ve should obtain the namber of sqyusre feet in th«3e 

itangles, or nearly the 37076 square feet which require lo be 

c "'^ded. Consequeotly, if we divide 37076 by 1400, the quotient will 

in the approximate width of the rectangles. Using 140p as a 

divisor^ we find it to be contained between 20 and 30 times in 

L 57076; hence the second or ten's figure of the root is 2. But be- 

«Hes ihe rectangles, there must be added the litUe square CQKH, 

. each side of which is 20 liTiear feet, we will therefore add 20 to 1400, 

i'haid thus obtain 1420 for the total length of the two reckingles and 

'Ae side of the little square. Now, multiplying 1420 by 20, we pb- 

- tain 28^)0 square feet for the total additions, which subtracted from 

"TO76, leaves 8676 square feet. The square AE KF thus completed 

is 720 feet on a side. 

Again, a side of this square is to be further increased so that the 
added surface will amount to 8676 sqv/ire feet. And, as before, the 
parts added will consist of two equal rectangles and a little square. 
The trial divisor, which is the sum of the length of the two new rect- 
angles, is the same as the sum of two sides of the square AEKF. 

If, now, to 1420 already found, we add 20, we shall have 1440, 
which is the sura of EK and KF, and which is our second trial 
divisor. We find this divisor contained between 6 and 7 times in 
8676; hence our third or units' figure of the root is 6. Therefore 
6 is the width of the second set of rectangles. The second little 
square KNRP, of the same width as the rectangles, must be 6 linear 
feet on a side ; therefore, adding 6 to 1440, we find 1446 for the whole 
length of the new rectangles and a side of the second little square. 
Multiplying 1446 by 6, we obtain 8676 square feet as the sum of the 
series of additions to the square AEKF, thus forming the square 
ALRM, which is the square sought ; each side being 726 feet. 
The above work may be arranged as follows : 

NuMBKR. Root. 

Linear feeL Square feet. Linear feet. 

700 527076(700+20+6=720. 

' 1400= 1st trial divisor 490000 

1420 37076 

1440=2d trial divisor 28400 

1446 8676 

8676 
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If w« omit the eiphen on the tif^i, the work will fate tettlBP> 
Ing condenMd form : 

NuMBCB* Boot. 
Unmr/ML tqmmnfmt 

7 &87076(72& 

14 a Ut trial divisor 49 

142 370 

144=>:9d trial divisor 284 « 

1446 8676 

8676 



CASE I. 

From the above process, we deduce the following role 
for the extraction of the square root of a whole number. 

RULE. 

/. Separate the given number into periods of two J/gures 
eachy counting from the right towards the left. When the 
number of figures is odd, it is evident that the left-hand, or 
first periodj will consist of but one figure. 

II. Find the greatest square in the first period^ and place 
its root at the right of the number, in the form of a quotient 
in division, also place it at the left of the number. Subtract 
the square of this root from the first period^ and to the re- 
mainder annex the second period ; the result will be the 

rmST DIVIDEND. 

///. To the figure of the root, as placed at the left of the 
number, add the figure itself, and the sum, with a cipher an* 
nexed, will be the first trial divisor. See how many times 
this trial divisor is contained in the dividend ; the quotient 
will be the next figure of the root ; this must be added to 
*he TRIAL DIVISOR j the result will be tJie true divisor. 
Uiply the true divisor by this last figure of the root^ and 
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subtract the prodvet from the dividend, and to the remainder 

Qfinex the next period, for a new dividend. 

IV. To the last true wvisoe add the last figure of the 

root; the sum, with a cipher annexed, will be a new trial 

Divisor. Continue to operate as before, until all the periods 

have been brought down. 

NoTfi. — In case any dividend is not so great as its trial divisor, 
ve must write as the next figure of the root ; we must also place 
at the right of the divisor, and form a new dividend by annexing 
a new period. 

£XAHPLEa 

1. What is the square root of 1 1390625 ? 

OPERATION. 

3 I r39'06'25)3375 

63 9 



667 
6745 



239 
189 



5006 
4669 



33725 
33725 



2. What is the square root of 11019960576? 

Ans. 104976. 

3. What is the square root of 276793836544 ? 

-An*. 526112. 

4. What is the square root of 12321 ? Ans. 111. 
6. What is the square root of 53824 ? Ans. 232. 

6. What is the square root of 30858025 ? Ans. 5555. 

7. What is the square root of 16983563041 ? 

25 Ans. 130321. 
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8. What is the square root of 852891037441 ? 

• Ans. 923521. 

9. What is the square root oC6 19 17364224? 

^ ' Ans. 248832. 

CASE n. 

To extnict the square root of a decimal fraction, or of a 
number consisting partly of a whole number, and partly 
of a decimal, we have this 

RULE. 

/. Annex one cipher j if necessary, to the decimals, so that 
their number shall be even. 

II. Then point off the decimals into periods of two figures 
each, counting from the nnits^ place towards the right. If 
there are whole numbers, they must he pointed off as in Case 
• /. Then extract the root, as in Case I. 

Note. — If the given number has not an exact root, there will be a 
remainder after all the periods have been brought down, in wliich 
case the operation may be extended by forming new periods of 
ciphers. 

EXAMPLES. 

1. What is the square root of 348678401 ? 

Ans. 59 049. 

2. What is the square root of 65536 ? Ans. 2-5C. 

3. What is the square of 000390625 ? 

Ans. 00625. 

4. What is the square root of 1 7 ? Ans. 4*123, nearly. 

5. What is the square root of 37 5 ? 

Ans. 6- 123, nearly. 
5. What is the square root of 0000012321 ? 

^nj. 000111. 
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a 

CASE m. 

To extract the square toot of a vulgar fraction, or mixed 
number, we have this 

RULE 

/. Reduce the vulgar fraction, or mixed number^ to its 
simplest fractional form. 

II. Then extract the square root of the numerator and 
denominator separately^ if they have exact roots ; hut when 
they have not^ reduce the fraction to a decimal^ and proceed 
as in Case 11. 

EXAMPLES. 

1. What is the square root of -Sff ? Ans. \, 

2. What is the square root of tlHf ^ ^^^- H- 

3. What is the square root of 4f^? Ans. 2^. 

4. What is the square root of f of f of f of i? 

Ans. \, 

5. What is the square root of 4 J ? 

Ans. 2027 nearly. 

6. What is the square root of |4 • 

Ans. 0*8044 nearly. 

7. What is the square root of \^1 Ans. 0052 nearly. 

EXAMPLES INVOLVING THE PRINCIPLES O? THE SQUARE ROOT, 

133* A triangle is a figure having three sides, and 
consequently three angles. 

When one of the angles is right, like the comer of a 
square, the triangle is called a right-angled triangle. In 
this case the side opposite the right an^le is oaUsd tbA 
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It is an established proposition of geometry^ that the square 
of the hypotenuse is equal to the sum of the squares of the 
other two sides. 

From the above proposition, it follows that the square of 
the hypotenuse^ diminished by the square of one of the sides, 
equals the square of the other side. 

By means of these properties, it follows that two sides 
of a right-angled triangle being given, the third side can 
be found. 

EXAMPLES. 

1. How long must a ladder be, to reach to the top of a 
house 40 feet high, when the foot of it is 30 feet from the 
house ? 

In this example, it is obvious that the ladder forms the 

hypotenuse of a right-angled triangle, whose sides are 30 

and 40 feet respectively. Therefore, the square of the 

length of the ladder must equal the sum of the squares 

of 30 and 40. 

30^= 900 
402 = 1600 

-/25 )0 = 50, the length of the ladder. 

2. Suppose a ladder 100 feet long, to be placed 60 feet 
from the roots of a tree ; how far up the tree will the top 
of the ladder reach ? Ans. SO feet. 

3. Two persons start from the same place, and go, the 
one due north, 50 miles, the other due west, 80 miles. 
How far apart are they? Ans. 94*34 miles, nearly. 

4. What is the distance through the opposite comers 
of a square yard? Ans. 4*24264 feet, nearly. 

5. The distance between the lower ends of two equal 
fteiS; in the diffeient sides of a roof, is 32 feet, and the 



8(IUA&£ &OOT. 293 

height of the ridge above the foot of the rafters is 12 feet. 
What is the length of a rafter? Ans. 20 feet. 

6. What is the distance measured through the centre 
of a cube, from one corner to its opposite corner, the cube 
being 3 feet, or one jard, on a side ? 

Ans. 5- 196 feet, nearly. 
We know, from the principles of geometry, that all similar 
surfaces^ or areas, are to each other as the squares of their 
like dimensions. 

7. Suppose we have two circular pieces of land, the one 
100 feet in diameter, the other 20 feet in diameter. How 
much more land is there in the larger than in the smaller? 

By the above principle of geometry it follows, that the 
quantity of land in the two circles must be as the squares 
of the diameters, that is, 100^ to 20*, or as 25 to 1. 
Hence, there is 25 times as much in the one piece as 
there is in the other. 

8. Suppose, by observation, it is found that 4 gallons of 
water flow through a circular orifice of 1 inch in diameter 
in 1 minute. How many gallons would, under similar 
circumstances, be discharged through an orifice of 3 inches 
in diameter, in the same length of time ? 

Ans. 36 gallons. 

9. What length of thread tb required to wind spirally 
aroimd a cylinder, 2 feet in circumference and 3 feet in 
length, so as to go but once around ? 

It is evident that if the cylinder be developed, or placed 
upon a plane, and caused to roll once over, that the con- 
vex surface of the cylinder will give a rectangle, whose 
width is 2 feet, and length 3 feet ; at the same time the 
thread will form its diagonal. Hence, the length of the 

thiead is ^4+9=-/ 13=3^0565 feet, nearly. 



EITRACTIOS OF THE CUBE ROOT. 

IS4. We will 6ist iiiTolTe a number to the thi 
power, that is, we will find the cube of that number. 

Let the number be 45. 

4o'=45x 45x45=9 1 1-25. But we will separate tl 
number into parts ; that is. into iems and mmits, and sb( 
bj the aid of the exponent and the svmbols, how the ci 
of the number when thus separated is obtained. 

OPCKATIQX. 

40+5 
40 4-5 

40*4-405 
4- 40.5 -{-5* 



40*4-2 x40.54-5»=the square of 404-5. 

40 4-5 

40^4-2x40*54- 405* 
4- 40*.54--2x 40.5*4-5' 

40^+3 x40*.54-3x 40.5*+ 5'=cube of 40+5. 

Bj a similar process we shall obtain 

(6+8)*=6'+3^6*.8+3x6.8»+8'. 

That is, the cube of the sum of two numbers is, the cube 
the first number, plus three times the product of the squ 
of the first number into the second, plus three times the / 
duct of the first into the square of the second, plus the c 
of the second. 

If we wish the cube of the sum of three numbers, 
6+8+9, we may \in\le the first and second by means 
-• paienthesig : thus, iot ^-\-^-\-^,^^ xb».i ^^^^ \isj 
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(6+8)4-9, and regarding (6+8) as one number, we find, 
according to the foregoing statement, that the cube of 
(6 +8) +9 is equal to the cube of (6+8) plus three times 
the product of the square of (6-f 8) into 9, plus three times 
the product of (6 + 8) into the square of 9, plus the cube 
of 9. But the cube of 6 + 8, has already been shown to 
be equal to the cube of 6, plus three times the product of 
the square of 6 into 8, plus three times the product of 6 
into the square of 8, plus the cube of 8. Hence the cube 
of 6+8+9 is equal to the cube of 6, plus three times the 
square of 6 into 8, plus three times G into the square of 8, 
plus the cube of 8 ; plus three limes the sq^iare of the sum 
of 6 and 8 into 9, plus three times the sum of 6 and 8 
into the square of 9, plus the cube of 9. And ia ^eneralj 
we haue the cube of the sum of ant/ number of numbers equal 
to the cube of the first number^ plus three times the square of 
the first number into the second, plus three times the first 
into the square of the second^ plus the cube of the secoiid ; 
phis three times the square of the sum of the first two into 
the third, plus three times the sum of the first two into the 
square of the third, plus the cube of the third ; plus three 
times the square of the sum of the first three into the fourth, 
plus three times the sum of the first three into the square of 
the fourth, plus the cube of the fourth^ and so on. 

Thus : 

(2 + 3)*-2'+3x2^3+3x2.3'^ + 3^ 

(5+7)»=5'+3 X 5^r+3 X 5.7*+7l 

(5+6+7)'=5'+3x 516+3 x5.6"+6' 
+ 3 X (5+6)*.7+3 X (5+6).7«+7l 

(365)»=(300+60+5)'=300'+3x300l60 
+3x300.60''+60'+3x(300+60)*.5 
'h3x(300-h60y5'+5\ 




4O"=4Ox40x49 ' 
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Tbs cqblDg of B number may be illoatrated geometrically is Dd- 

Lei l( be required lo eube 45, ibe Dumber before employed. 
To simpliiy Ihe illasiraiioi], suppose we «re required to tui | 
the number of cubic ioebes in a cube whose side is lit iadas. j 
Separating 45 inio F'g- 1> | 

40+S, we will sup- 
p<Kfl the cube, (6g. 
1,) (0 be 40 inches 
on a side; ibca40x 
40x40 will give Llie 
aolid contents or this 
eube, repreBenied by 

Lell)g.2represeiit 

the cnbe increased 
bj tbiee eqnal tlai: , 
then 3 (the number 
of slabs) limts 4U° 
(the surface of one ol 
tile slabs,) multiplied 
by 5, the thickness ('f 
a slab, will give the 
solid corneals of the 
slabs, represented hf 
3x40'.5. 

Let fig, 3 represtnt 
(he solid, (as in fig. 
2,) further JQcreafed 

byMrrt egwai cam" 
pieces | Uicn 3 (the 
Dumber of comer 
pieces) times 40(ihe 

ner pieee) multiplied 
into 5*, the surface 
of an end of a corner 
l^ce, will gii-e the soli 
17 3x40.3. 




;r pieces, Tepresenud 



^ 


..-^^ 


---^ 
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EXTRACTION OF THE. CUB 

Let fig. 4 Kpresent Fi»'t- 

the solid (as in fig. 3) 
fk^er increased bj a 
Utile earner cuit, each 
side of which is 6 
inches; then Sx5x5 
will give the solid con- 
tents of this cube, rep- 
resented by 5*. 

Then Ihe vrieU evbe 
ibas increaised will be 
represented by ^ =40» +3 x 40^,5+3 x 40,5' + ^ 

=64000+31000+8000+1^=91125. 

1 3ft. We will iltiw endeavor to deduce a rule for the extraction 
of the Cube Root. 

Let il be required to find ihe cube root of 382657176. 

For the sake' of simplicity, we will suppose 382657176 to denote 
ihe nuinberof cubic feet in a geometrical cube; we are reqaired to 
find the Dambcr of ii-aear feet in a side of this cube, that is, the 
length of one of iis sides. 

We will first inquire how many figures Ibe root will have. 

The smallest nambcr, consisting of two figures, which is 10, be- 
comes, when cDbed, 1000, having more than three figures. Again, 
the largest cumber, 99, which consists of two figures, becomes, 
when cubed, 970399, which coniiists ol' six figures. Hence, when 
a number consisls of more than three figores, and not of more than 
six, its cube looi will consist of two figures. By a similar melhod 
il may be shuwn, that when a number consisls of more (ban six, 
and of not more than nine figures, ils cube loot will consist of ihree 
figures. Therefore, if we separate a number into groups of three 
figures each, the number of groups will denole (he number of 
figures in the cube root of that number. 

[n Ibe present example, we know that there mnst be Ihree figures 
in the root. 

We know that the sideof thecnbe sought must exceed 700;iMa» 
feel, since the cube of 700 is 343000000, which is less than 382657176 , 
we also know that the uide of this cube must be less than 800 linear 
feel, since the cnbe of 800 is 61S000000, which is greater than 
383657176. Hence the first figure of our root, or the figure in th* 
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hnnilred'a place is 7 ; whose cabe, 343, is the greatest eota c<»> | 
lained in 382, ihe fir^l,or lenhand 
period. If we suppose each aids 
of the cube, represeated byligare I, 
to be 700 liiitar fret, one of the 
equal faceii, as the upper face 
DEFG, will be denoled by 700 x 
TOO=*JOOOOlf««injreet. The solid 
contiDisof the cube will be repre- 
sented by 700x100=490000x700 
=343000000 cv^ feet. SubtTactiufC 
343000000 ctdiU feet from 382C67176 
aUric feel, we fiod 39G571T6 ctibic feet for a remainder. 

Hence il is neces>ary lo increase the cube, flgnre I, by 39657171 
cu^icfeet. We have seen (Aht. 134) that such increase iseffected 
by the addition of three equal j^aii, three equal a?merpiecfs, and aa 
additional cube; and Ihat the contents of the thiee s/oAi will make 
by far the largest portion of the whole it: 

The number of square feel in the 
face of one of these slabs will be 
the same as the number of square 
tttX in (he face of the cube, ligure 
1, which has already been shown 
to be 490000 iqium feet. The 
surjace of the ihree slabs will be 
three times 490000 sqiuirf. feel ; or, 
which would be the same Ihicg, 
twice 490000 iquare feet, added lo 
490000 sqTiart feel.' If to AB, (Eg, 
I,) which is 700 liiitar feel, we add BC, which is also 700 linfarUet, 
we shall hare AB + BC equal to 1400 litvar feet, which, raallipliedhj 
DB, equal to 700 lintar feet, will give 980000 siputre feet, for the area 
ABDG + BC ED, which, added lo DEFG, which is 490000 square feel, 

nlinnn tu thn mnla of (itncting Ihe Cuba Bool whioh fiilliiwi. The object of 
tlHH procnHi il, to pKhn uh of nhit hu bHD obUlaeil id ddi lUje ufDw Tmk 
ftr tb« itife oeit iDcceading ; to obtftiD a d«w qunctilj by oMtng £0 aae alnadj 
l« hud, [Euta^ of muttifiying in onf bill quaniitj ; Ibanbj viTiiif mucii tlntf 
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vill give 1470000 square Teet, for the area of three faces of the cube, 
fignre 1, which Is the same as the area of the three slabs. Were we 
tomoltiply 1470000 bj the thiclme&s of the slabs, we should obtain the 
tviic feet in these slabs. Aod since the contents of the slabs mabe 
nearif the whole amonni added, it fullows that 14700011 multiplied 
bf the AickQess of slabs, will give nearly 39657176 cubic feet. Con- 
sequently, if we divide 39S5717G by 1470000, the quutienl will give 
the approiimale thickness of the slabs. Using 1470000 as a Irial 
diviter, we fiod il to be contained between 20 and 30 limes in 
3B657176J hence the second or tens' figure of the root is 2. 

We ha»e already remarked thai 1470000 multiplied by 30, the 
thickness of the stait, will give their solid contents. But besides 
the slala there must be added three comer picas, each of which 
is 700 feel long, and of the same thickness as the slabs, that is, 30 
Emu Since each comer piece is the same length as a side of the 
cube, figtire 1, it follows that adding 700 lo 1400 or 700+700, the 
sam iilOO will represent the total length of the three comer pieces. 
Were we lo multiply 2100 by 30, we should obtain the area of the 
three eemer pirca, which might 
be added to 1470000, the area of ^'^-^ 

the three ilabt. But, since there is 
alw to be added a lilile aibe, each 
of whose sides is SO liixar feet, 
we will add SO to SlOO, and thus 
obtain 2120 for the total length of 
Ibe three comer pieces, and of a 
tide of the little cube. Now, 
mnlliplying HiO by 90, we ob- 
tain 4'2400 sjuart feet for the sur- 
face of the three comer pieces 

and a face of the lillle cube ; which, added to 147000, the number 
of square feel in the faces of the three slabs, will givel51'2100 j^ua/e 
feet in all the additions. If we multiply 151-2400 by iO, the thick- 
ness of these additions, we shall obtain 30-316000 culic feel for all 
the additions, which, subtracted from 39(^7176. leaves tM09176«(«w 
feeL The cube thus completed la 730 feet on a side, and is repre- 
sented by Ggors 4. 





Iff.*. 




Thi tarfmm nov oht»»i*«i maj be npRMIrd (igo* a,) V ^ 
fkm iftdDded vitbiM dw t^vy tines. The three dn r ni na * offti 
tgnc, aiHffii'"g die dattti lines jbmj kc mppoeed M be ihtce <■!«* 
Ikecs of ihc cobe. figure 1. 

Bat chB cobe is m be (ecA^ 
incieued bv »HB1'I6 caMc fare. 
And as belorc, tbe puts added 
wiU cnnsM of cknc eqoal ifaji, 
ibrec «)oal conwr fUas, and a 
'illfe cafc. The [rial diruor, 
vhkb U (he ue* of ihc bc«s of 
tae ihrec ;labs, is the same as 
'Juer times the area of a Eic? of 
the cnbe, %iue 1. each of vhose 

'Sow \o obtain this area, se 
hare onlj to add to the soifacca already otuiaed, and repr es ented 
within the beary lines, (figoie a,> three rectangles, each ^VO feel 
by 90, and two little squares 20 fnl by SO feet. 

If Id 2130. a nnmber which we already hare, we add 30, we 
shall obtain *140, the tiiuar exirat of ihe rectangles and sqnsrei 
desired, as In tiie dotted ponions, (B°iire a.) Ar^A as these dotted 
ponioiu have all tbe same vidlh of SO feel, if we moltiply S140 
b^ 90, we shall obtain 42800 ifurr feet for the area of the doited 
pOTtioa, (figure a,) which, added [O 1512400, the area of the parts 
fEclnded within tbe heavy lines, will give I555SO0 iquar- feel 
fo the area of three slabs, each eqnal io one face of the cube, 
(fignie 4) This will be a second Iriat iliTisar. We find this divisor 
cauained between G and 7 limes in 9409176; hence oor third figure 
^IIm root, or the figure in the imits' placa, is 6. Were we to mn]' 
rlS6K0Obr6, itwonld gire the catie feet in the second aet of 
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abs. But before multiplying, we will increase that sum by the 
irface of the second set of comer pieces^ and of the second little cube, 
'he length of each corner piece is the same as a side of the cube, 
gore 4, which is 730 feet ; hence, adding 20 to 2140 already found, 
'e obtain 2160, which, being 3 times 720, will be the linear extent 
f the three comer pieces. Were we to multiply 21(J0 by 6, we 
[lould find the surface of these three comer pieces, but as we wish 
Iso the area of one of the faces of the second little cube^ we add 6 
} 2160, and thus obtain 2166, which, multiplied by 6, will give 
2996 for surface of second set of comer pieces and of second liUle 
ube; this added to 1555200, gives 1568196 for the surface of the 
(rhole second series of additions. Multiplying 1568196 by 6, we 
obtain 9409176 cubic feet, which have thus been added to the cube 
epresented by figure 4 ; hence the cube whose side is 726 feet is the 
loe sought. The above work may be arranged as follows : 

IST COLVMH. 20 COLUMN. MUKBBB. ROOT. 

LnMftr/Mt. Square fut, CubiefeeL lAnearfeeL 

TOO • 490000 382657176(700+20+6=726 

1400 I470000=lst tr. divisor, 343000000 

2160 1512400 39657176 

3190 1555200=2d tr. divisor, 30248000 

3140 1568196 9409176 

2160 9409176 

2166 

If we omit the ciphers on the right, and omit unnecessary terms, 
the work will take the following condensed form : 

l8T COLXTHN. 3s COLUHK. NUMBER. ROOT. 

Linear feet. Square feet. Cubic feet. Linear f ML 

7 49 . 382657176(726. 

14 147=lst trial divisor, 346 

212 15124 39657 

214 15552=2d trial divisor, 30248 



2166 1568196 9409176 

9409176 



% 



902 SLKMIMTARY ARITHMETIC. 

NoTB. — In the extraction of the cube root, as just illnstrated, il 
will be noticed that each dirisor is a geometrical surface ; that is 
to say, the product of two dimensions, width and breadth, foi ex- 
ample ; and of course the quotient must be the other dimension, 
that is, the thickness. 

But it is important to remember that it is only squares and cubes, 
square roots and cube roots, that can have any relation to geomA- 
rieal dimensions ; any higher power of a number as 4*, or any other 
root as •^, cannot be illustrated by blocks. The principle^ therefore, 
of involution and evoiidion is, strictly speaking, independent of sur- 
faces and solids ; it is purely arithmetical. 

From the foregoing demonstration we may deduce the following 



RULE. 

/. Separate the number whose root is to he found^ into ' 
periods of three figures each^ counting from the units* place 
towards the left. When the number of figures is not divisible 
by 3, the left-hand period will contain less than 3 figures. 

II. Seek the greatest figure whose cube shall not exceed 
the first or left-hand period ; write it after the manner of a 
quotient in division for the first figure of the root. Place 
this figure for the head of a first left-hand column, and its 
square for the head of a second left-hand column, and sub- 
tract its cube from the first period. To tlie remainder bring 
down a second period for the first dividend. Add the 
figure in the root to the term of the isT column already 
found, for its next term^ which multiply by the same figure, 
and add the product to the term already found in the 2d 
COLUMN, ybr its next term, which tjoill be a trial divisor. 
' III. Find how many times the trial divisor, with two 
ciphers annexed^ is contained in the dividend ; write the quo- ^. 
tient for the next figuve of the root. Annex this figure to 
^ last term of the \st coix'jwa^ ajtcr Wx^wo adAe^ \^i \.W ' 



EXTRACTION OF THE CUBE ROOT. 3()3 

term the preceding quotient figure ; this xmll give the next 
term of the 1st column. Multiply this term by the last 
found figure in the root^ and add the product, after advancing 
it two places to the right, to the last term of the 2d column, 
for its next term. Multiply this term by the last found 
figure of the root, and subtract the product from the dividend, 
and to the remainder bring down the next period for a new 

DIVIDEND. 

Proceed as before until all the periods have been brought 
down. 

Note 1. — ^When any dividend is not so great as the corresponding 
trial divisor with two ciphers annexed, write for the next figure 
of the root, and to the dividend bring down the next period. Use 
the same trial divisor as before, but wnhfour ciphers annexed. 

Note 2. — The trial divisor, being less than the true divisor, will 
sometimes give too large a quotient figure ; when the multiplica- 
tion of the true divisor by this figure shows such to be the case, this 
figure must be made smaller. 

Note 3. — By the above rule, which is diflferent from ihe rule 
usually given by the aid of geometrical diagrams, we have managed 
to keep distinct all the geometrical magnitudes ; thus our first 
column represents the numerical values of lines, the second column 
represents the numerical values of surfaces, and the third column 
corresppnds to solids. And, as we are never required to multiply 
by any number greater than is expressed by a single digit, the labor 
of multiplying and adding results to the terms of the successive 
colunins is far simpler than at first might be supposed. 

By means of these auxiliary columns the work bears a close 
analogy to Horner's method of solving numerical cubic equations. 
(Sec Treatise on Algebra.) The use of auxiliary columns be- 
comes very apparent in the extraction of roots of the higher orders, 
as the fifth root, the seventh root, 6cc. 



304 



ic. 



What M the cube root of 9 135 17^7483640899 1 



Ul-' 



9 

18 
277 

284 
29102 

29104 
291069 

291078 
2910879 



913'5ir247'483'64O'899C9702» f 
729 



184517 
183673 



81 

243 
26239 

28227 
282328204 

282386412 

28241260821 

28243880523 25419728251899 
282441425021 1 25419728251899 



844247483 
564656408 



279591075640 
254171347389 



Z What is the cube root of 10077696? Ans. 2ia 

3. What is the cube root of 2357947691 ? 

Ans. 1331. 

4. What is the cube root of 42875 ? Ans. 35. 

5. What is the cube root of 1 17649 ? Ans. 49. 

6. What is the cube root of 7256313856? Ans. 1936u 

CASE II. 

To extract the cube root of a decimal fraction, or of a 
number consisting partly of a whole number and partly 
of a decimal, we have this 



RULE. 



/. Annex ciphers to the decimals, if necessary^ 
t«y may he separated into equal periods. 



99 A^ 



BXTEACTIOM OF TBB CUBE BOOT. 395 

//. Separate the decimals into periods of Z figures each^ 
counting from the decimal point toward the right, and proceed 
as in whole numbers. 

Note. — If the given Dumber has not an exact root, there will be » 
remainder after all the periods have been brought down. The pro- 
cess may be continued by annexing ciphers for new periods. 



GXABIFLES. 

1. What is the cube root of 0-469640998917? 

Ans. 0-7773. 

2. What is the cube root of 18-609625? Ans. 2*65. 

3. What is the cube root of 1-25992105? 

Ans. 1-08005. 

4. What is the cube root of 2 ? Ans. 1-2599. 

5. What is the cube root of 9 ? Ans. 2-08008. 

6. What is the cube root of 3 ? Ans. 14422. 

/ 
CASE ni. 

To extract the cube root of a vulgar fraction, or mixed 
number, we have this 

RULE. 

/. Reduce the fraction, or mixed number, to its simplest 
fractional form. 

II. Extract the cube root of the numerator and denomino' 
$$r separately, if they have exact roots, but when they have 
||0f y reduce the fraction to a decimal', and then extract the 
^by Case II. ^^^ 
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EXAMPLES. 

1. What is the cube root of -f^fi? Ans. -H- 

2. What is the cube root of iWvVs ^ ^«^- li- 

3. What is the cube root of 17i? Ans. 2577, nearly. 

4. What is the cube root of 5+? Ans. 1*726, nearly. 
6. What is the cube root of l-J-? Ans 0-9353, nearly. 
6. What is the cube root of f ? Ans. 0-8736, nearly. 



EXAMPLES INVOLVmO THE PRINCIPLES OF THE CUBE ROOT. 

130* It is an established theorem of geometry^ thai S 
similar solids are to each other as the cubes of their Ukf 
dimensions. 

1. If a cannon-ball, 3 inches in diameter, weigh 8 
pounds, what will a ball of the same metal weigh, whose 
diameter is 4 inches ? 

By the above theorem, we have 

3^ : 4^ : : 8 pounds : I8|^ pounds, 
for the answer. 



2. The celebrated Stockton gun, which, in bursting, 
proved so fatal to many of our distinguished citizens, is 
said to have carried a ball 12 inches in diameter, which 
weighed 238 pounds. What ought to be the diameter of 
another ball of the same metal, which should weigh 32 
pounds ? 

T^X 12'=232'336 inches nearly=cube of the diameter 
of the ball sought. 
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Hence, ij^232*336 =61 476 inches nearly, the diameter 
•f the ball required. 

3. A cooper having a cask 40 inches long and 32 inches 
at the bung diameter, wishes to make another cask of the 
same shape, which shall contain just twice as much. 
What will be the dimensions of the new cask ? 

C 401^2=50-3968 inches, nearly, for length. 
. ( 32i?^=40-3175 inches, nearly, for diameter. 

4. What is the side of a cube, which will contain as 
much as a chest 8 feet 3 inches long, 3 feet wide, and 2 
feet 7 inches deep ? Arts. 47-984 inches, nearly. 

5. How many cubic quarter inches can be made out of 
a cubic inch ? Ans. 64. 

6. Required the dimensions of a rectangular box, which 
shall contain 20000 solid inches, the length, breadth, and 
depth being to each other, as 4, 3, and 2. 

soLxrrioN. 

■*H^X-i-XiXi=-*V^, whose cube root is 5i?^= 

9-4103, nearly. 

r9-4103x 4=37-6412, length. 

AnsA 9-4103x3=28-2309, breadth. 

[9-4103x2=18-8206, depth. 

Or, as follows : 

If we were to augment the width of this box, so as to 
make it as wide as it is long, its volume would become 
i of 20000 =26666|. Again, if we augment the depth 
of this new box, so that it may be as deep as it is wide, 
and as it is long, its volume will become 2 times 2666&} 
=53333^, which is the contents of a cubical box, whose 
iide ii equal to the length of the original box. Hence 
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i^53333i=37-641, nearly, for the len^h. The width is 
^ of this length, and the depth is ^ this length. 

Note. — ^For a more complete treatise on the square and cube 
n>ot, as well as the roots of all powers, see Higher Arithmetic 



ARITHMETICAL PROGRESSION. 

137* A SEEiES of numbers, which succeed each other 
regularly, by a common difference, is said to be in atiik' 
metical progression. 

When the terms are constantly increasing, the series is 
an arithmetical progression ascending. 

When the terms are constantly decreasing, the series 
is an arithmetical progression descending. 

Thus, I, 3, 5, 7, 9, &c., is an ascending arithmetical 
progression ; and 10, 8, 6, 4, 2, is a descending arithmet- 
ical progression. 

The terms of an arithmetical progression may be frac- 
tional. Thus, in the progressions, 

h 1, H, 2, 2i, 3, 3i, 4, 4i, &c.; 
i, i, 1, H, li, 2, 2i, 2|, 3, &c. 

The first has a common difference of i ; the second has 
a common difference of -J-. 

In arithmetical progression, there are five things to be 
considered : 

1. The first term, 

2. The last term. 
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3. The common difference. 

4. The number of terms. 

5. The sum of all the terms. 

These quantities are so related to each other, that any 
three of them heing given, the remaining two can be 
found. 

We will demonstrate one or two of the most important 
cases. 

When are numben in ariUnnetieal progrenion ? When ii Uw progrenion ascend" 
ing? When is it descending? Are the nambers 1, 3, 5, 7, 9, ^., in ascending or 
d ss ce nding arithmetical progression 1 Mention the five quantities to be considered in 
arithmetical progression. How many of these must be given in order to be able to 
find the oUien? 



CASE I. 

By our definition of an ascending arithmetical progres- 
sion, it follows that the second term is equal to the first,* 
increased by the common difference ; the third is equal to 
the first, increased by twice the common difference ; the 
fourth is equal to the first, increased by three times the 
common difference ; and so on, for the succeeding term. 

Hence, when we have given the first terra, the common 
difference, and the number of terms, to find the last term, 
we have this 

RULE. 

To the first term add the product of the common difference 
ii. to the number of terms, less one. 



•% 
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EXAMPLES. 

1. What is the 1 00th term of an arithmetical progres- 
sion, whose first term is 2, and common difference 3 ? 

In this example, the number of terms, less one, is 99, 
which, multiplied by the common difference, 3, gives 297, 
which, added to the first term, 2, makes 299 for the 100th 
term. 

2. What is the 50th term of the arithmetical progres- 
sion, whose first term is 1, the common difference j? 

Ans, 251. 

3. A man buys 10 sheep, giving $1 for the first, $3 foi 
the second, $5 for the third, and so on, increasing in arith- 
metical progression. What did the last sheep cost at that 
rate 7 Ans. $19. 

4. The first term of an arithmetical progression is ^ the 
common difference i, and the numberof terms 26. What 
is the last term ? Ans, 3^. 

CASE II. 

From the nature of an arithmetical progression, we see 
that the second term added to the next to the last term is 
equal to the first added to the last ; since the second term 
is as much greater than the first, as the next to the last is 
less than the last. After the same method of reasoning 
we infer that the sum of any two terms equidistant froir 
the extremes, is equal to the sum of the extremes. 

Hence, it follows that the terms will average just hal 
the sum of the extremes. 

Therefore, when we have given the first term, the las 
term, and the number of terms, to find the sum of all tb( 
term^^^e havo this 
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RULE. 

Multiply half the sum of the extremes hy the number of 
terms. 

EXAMPLES. 

1. The first term of an arithmetical progression is 2, 
the last term is 50, and the number of terms is 17. What 
is the sum of all the terms ? 

In this example, half the sum of the extremes is 

iof(^+50)=26. 

This, multiplied bj the number of terms, gives 26 x 17= 
442, for the sum required. 

2. The first term of an arithmetical progression is 13, 
the last term is 1003, the number of terms is 100. What 
is the sum of the progression ? Ans. 50800. 

3. A person travels 25 days, going 11 miles the first 
day, 135 the last day ; the miles which he traveled in the 
successive days, form an arithmetical progression. How 
far did he go in the 25 days ? Ans, 1825 miles. 

4. Bought 7 books, the prices of which are in arithmet- 
ical progression. The price of the first was 8 shillings, 
and the price of the last was 28 shillings. What did they 
all come to ? Ans. .£6 6^. 

5. What is the sum of 1000 terms of an arithmetical 
progression, whose first term is 7 and last term 1113? 

Ans. 560000. 

6. The first term of an arithmetical progression is f, 
and the last term 3654-, and the number of terms 799. 
What 18 the Bum of all the lermal Aivs. \^Rf)LW . 
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GEOMETRICAL PEOGRESSION, 
• 

138. A SERIES of numbers which succeed each other 
regularly, by a constant multiplier, is called a geometrical 
progression. 

This constant factor, by which the successive terms 
are multiplied, is called the ratio. 

When the ratio is greater than a unit, the series i« 
called an ascending geometrical progression. 

When the ratio is less than a unit, the series is called 
a descending geometrical progression. 

Thus, 1, 3, 9, 27, 81, &c., is an ascending geometrical 
progression, whose ratio is 3. 

And, 1 -J-, -iV, ^, &c., is a descending geometrical pro- 
gression, whose ratio is J. ^ 

In geometrical progression, as in arithmetical progres- 
sion, there are five things to be considered. 

I The first term. 

2. The last term. 

3. The common ratio. 

4. The number of terms. 

6. The sum of all the terms. 

These quantities are so related to each other, that any 
three being given, the remaining two can be found. 

The solution of some of these cases requires a knowledge 
of higher principles of mathematics than can be detailec 
by arithmetic alone. 

We will give a demonstration of the rules of one or tw( 
of the most important cases. 
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W!MQ.«re nrnnben in fsomeCrieal progreniofi 1 What it tht comtant faetor, by 
which the radGCasive terms are maltiplied, called 1 When this ratio exceeds a unit, 
the progression Is called what 1 When this ratio is less than a unit, how is the prw 
gvessioQ called 1 GivsFanexampleof an ascending geometrical prc^ression) Give 
%n example of a descending geometrical p rogre ss ion. How many quantities are to he 
eonsideied in geometrical progression 1 Mtation these quantttlea. How many of 
thesr most be known to 'enable us to tigi the others 9 



CASE I. 

By the definition of a geometrical progression, it follows 
that the second term is equal to the first term, multiplied 
bj the ratio ; the third term is equal to the first term, mul- 
tiplied by the second power of the ratio ; the fourth term 
is equal to the first term, multiplied by the third power of 
the ratio ; and so on, for the succeeding terms. 

Hence, when we have given the first term, the ratio, 
and the number of terms, to find the last term, we have 
this 

RULE. 

Multiply the first term by the power of the ratio, whose ex- 
ponent is one less than the number of terms. 

EXAMPLES. 

1. The first term of a geometrical progression is 1, the 
ratio is 2, and the number of terms is 7. What is the last 
term? 

In this example, the power of the ratio, whose exponent 
is one less than the number of terms, is 2* =64, which, 
multiplied by the first term, I, still remains 64, for the last 
term. 

2. The^ first term of a geometrical progression is 5, the 
mtio is 4, and the number of lermA ^. "^Xi^X. *\^ "v^^X^^ 
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3. A person traveling, goes 5 miles the first daj, 10 
miles the second day, 20 miles the third day, and so on, 
increasing in geometrical progression. If he continue lo 
travel in this way for 7 days, how far will he go the last 
day t Ans, 320 miles. 



CASE n. 



Let it be required to find the smn of all the terms of 
the geometrical progression 2, 6, 18, 54, 162, 486. 

If we multiply each term by 3, which is the ratio, we 
shall obtain this second progressfon, 6, 18, 54, 162, 486, 
1458, the sum of whose terms is obviously 3 times as 
grerft as the sum of the terms of the first progression. 
Consequently, the difference between the sums of the 
terms of these two progressions is (3 — 1) =2 times the 
sum of all the terms of the first progression. If we omit 
the first term of ihe fii*st progression, it will agree with 
the second progression, after omitting its last temi. 
Hence, the ditFerence between the sums of the tenns of 
these two progressions mny be found by subtracting 2, 
the firet term of ihe first progression, from 1458, the last 
term of the second progression ; but 1453 was obtained 
by muhipljang 486, the UjsI term of the first progression, 
bv 3. the ratio. 

Hence, we finally obtain this condition : 

That ihe sum of all i^'C terms of a geometrical progress 
sion, repeated as many times as there are units in the ratioy 
less one^ is equal to the last term multiplied by the ratio, and 
diminished by the first term. 

Therefore, when we have given the first term of a geo- 
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metrical progression, the last term, and the ratio, to find 
the sum of all the terms, we have this 

RULE. 

Subtract the first term from the product of the last term 
into the ratio ; divide the remainder hy the ratio, less one, 

EXAMPLES. 

1. The first term of a geometrical progression is 4, the 
last term is 78732, and the ratio is 3. What is the sum 
of all the terms ? 

In this example, the first term subtracted from the 
product of the last term into the ratio, is 236192, which, 
divided by the ratio, less one, gives 118096, for the sum 
of all the terms. 

2. The first term of a geometrical progression is 5, the 
last term is 327680, and the ratio is 4. What is the sum 
of all the terms ? Atis. 436905. 

3. A person sowed a peck of wheat, and used the whole 
crop for seed the following year; the produce of this 
second year again for seed the third year, and so on. If 
in the last year, his crop is 1048576 pecks, bow many 
pecks did he raise in all, allowing the increase to have 
been in a fourfold ratio? Ans. 1398101 pecks. 

139. When the ratio of a geometrical progression is 
less than a unit, the first term will be the largest, and the 
last term the least ; the progression will, in this case, be 
descending ; but if we consider the series of terms in a 
reverse order, that is, calling the last term the first, and 
the first the last, the progression may then be considered 
as ascending. 

If a decreasing geometrical piog;Te«siQn be coatbxued. ta 
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an infinite number of terms, we may neglect the last term 
as of no appreciable value ; we can find its sum by 
Case II., when it is modified, as follows : 

Given the first term of a descending geometrical pro- 
gression, and the ra^io, to find the sum of all the terms, 
when continued to infinity. 

RULE. 
Divide the first term by a unit diminished by the ratio, 

EXAMPLE. 

1. What is the sum of all the terms of the infinite series 
l,i,i,i,&c.? 

In this example, a unit, diminished by the ratio, is 
1— i=^, and ihe first term, 1, divided by -J-, gives 2, for 
the sum of all the terms. 

2. What is the sum of the infinite series 1, -J, ^, -sVi 
&c. ? Ans. \i, 

3. What is the sum of the infinite series y\j^, yf u-, j^jjj 

4. What is the sum of the infinite series ^7, y^^, y^Vr? 
TTViTTr) &c, ? Ans, J. 



ALLIGATION. 



140. Alligation is generally treated under two dis- 
tinct heads, called Allegation Medial and Allegation Alter- 
nate. The latter, 1ao^e^et,\ift\oii^'a ^xa^x\^ v?i \.Va T^tav- 
ince of Algebra 
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ALLIGATION MEDIAL. 

141. Alligation Medul teaches the method of 

finding the mean value of a compound, when its several 
ingredients and their respective values are given. 

What is Alligation Medial 1 

Suppose a grocer mixes 140 pounds of tea, which is 
worth 8^. per pound ; 200 pounds, worth 6^. per pound ; 
and 160 pounds, worth 10^. per pound. What is a pound 
of the mixture worth ? 

140 pounds of tea, at 8^. per pound, is worth 140 x 8 = 
1120^.; 200poimds, at 6A\,iswor:h200x6=1200;y. ; 160 
pounds, at 10^., is worth 160x10=1600^. Therefore, 
the mixture, which is 500 pounds, is worth 1 120+ 1200-|- 
1600 = 3920^. Hence, one pound of the mixture must be 

worth ^VW=7Ji*- 

Hence, to find the mean value of a compound, composed 
of several ingredients of dij6ferent values, we have this 

RULE. 

Divide the sum of the values of all the ingredients by the 
sum of the ingredients. 

Bepeat this Rule. 

EXAMPLES. 

1. A wine-merchant mixed several sorts of wine, viz. : 
32 gallons, at 40 cents per gallon ; 15 gallons, at 60 cents 
per gallon ; 45 gallons, at 48 cents per gallon ; and 8 
gallons, at 85 cents per gallon. What is the value of a 
gallon of the mixture ? ^^^ 
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32 gallons, at 40 cents=$12-80 

15 « 60 '" = 900 

45 " 48 « = 21-60 

8 « 85 " = 6-80 

100 gallons of mixture =$50-20. 

Therefore, one gallon of the mixture is worth $50-20-r 
100 =$0-502 =50 cents and 2 mills. 

2. A farmer mixed together 7 bushels of rye, worth 72 
cents per bushel ; 15 bCishels of com, worth 60 cents per 
bushel ; and 12 bushels of wheat, worth $1-20 per bushel 
What is the value of a bushel of the mixture ? 

Ans. $0-83if 

3. A goldsmith melts together 1 1 ounces of gold 23 
carats fine, 8 ounces 21 carats fine, 10 ounces of pure 
gold, and 2 pounds of alloy. How many carats fine is the 
mixture ? Ans. 12-f|. 

It will be understood that a carat is a 24th paft. Thus, 
21 carats fine is the same as -J-}- pure metal ; in the same 
way, 23 carats fine is -ff pure metal. 

4. On a certain day, the mercury in the thermometer 
was observed to stand 2 hours at 62 decrees, 4 hours at 
70 degrees, 5 hours at 72 degrees, 3 hours at 59 degrees, 
and 1 hour at 75 degrees. What was the mean tempera- 
ture for the fifteen hours ? Ans. 67-t-J degrees. 

5. Suppose a ship sail at the rate of 5 knots for 3 
hours, at 7 knots for 5 hours, and 8 knots for 4 hours. 
What is her rate of sailing during the 12 hours ? 

Ans. 6^ knots. 

6. A grocer mixes 30 pounds of sugar worth 10 cents 
per pound; 40 pounds worth 10-J-.*cents per pound; 24 
pounds worth 1 1 cents per pound ; and 60 pounds worth 13 
<5ents per pound. What is a poimd of the mixture worth ? 

Aus. 11-^ cents. 
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ALLIGATION ALTERNATE 

14^. Alligation Alternate is the reverse of Alli^- 
tion Medial ; that is, it teaches the method of finding the 
ingredients when their rates are given, so that the com- 
pound shall have a given valua 

What is AIligatioB Alternate 1 

Suppose we wish to mix tea?, which are worth 4 and 6 
shillings per pound, so that the mixture may be worth 5 
shillings per pound : it is obvious that we must take equal 
quantities of each ; since the price of the one is as much 
less than the mean price, as the other is greater. 

Again, suppose we wish to mix teas, which are worth 4 
and 7 shillings per pound, so that the mixture may be 
worth 5 shillings. In this case the 7 shilling tea is 2 
shillings above the average price, whilst the 4 shilling tea 
is but 1 shilling below : it will be necessary to use twice 
as much of the 4 shilling tea as of the 7 shilling tea ; and 
in all cases it is obvious that the quantities to be used will 
be in the inverse ratio to the differences between their 
prices and the mean price. 

When there are more than two simples they may be 
compared together in couplets, one term of which must 
obviously exceed the average price, while the other must 
be less. 



CASfi L 



The rates of the several ingredients being given, to 
make a compound of a fixed rate. 
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FVom what has been said above, we draw the fdl* 
lowing 

RULE. 

/. Write the rates of the simples in a column under each 
otkett then connect each rate of the ingredients which is less 
than the rate of the compound^ with one or more rates greater 
than the rate of the compound ; connect in the same way^ 
each rate which is greater than the rate of the compound^ 
with one or more rates which are less. 

II. Write the difference between each rate of the ingre^ 
dients and the compound rate, opposite the rate of the ingre- 
dicnts with which it is connected If only one difference 
stands against any ratCy it will be the required quantity of 
the ingredient of that rate ; but if there be several^ their sum 
will be the quantity required. 

EXABCTLES. 

1. How much sugar at 5, 6, and 10 cents per pound, 
must be mixed together, so that a pound of the mixture 
ma J be worth 8 cents ? 

SOLUTION. 



B 



8^ 6n ) 2 

34-2=5 



Therefore, if we take 2 pounds at 5 cents, 2 pounds at 
6 cents, and 5 pounds at 10 cents, we shall satisfy the 
conditions of the question. It is obvious, that any other 
number of pounds which are to each other as the numbers 



11 



ALLIGATION ALTERNATE 



321 



5J, 2, and 5, will satisfy the question equally well ; so that 
in Alligation Alternate the number of solutions are tn- 
definite ; all that we can do is to find the ratios of the quan- 
tities required. 

Note. — In many cases the ingredients will admit of being con- 
nected in several ways, and then we shall obtain as many sets of 
nuios ajs there are methods of connecting them. 

2. How many pounds of raisins at 4,6, 8, and 10 cents 
per pound, must be mixed, so that a pound of the com- 
pound may be worth 7 cents ? 

In this question, the terms may be connected in seven 
distinct ways; therefore, we shall obtain seven sets of 
ratios, as follows : 




3. How much wine, at 72 cents per gallon, and 48 cents 
per gallon, must be mixed together, that the composition 
may be worth 60 cents per gallon ? 

Ans. An equal quantity of each. 

4. How many gallons of wine and water must be mixed 
together, so that the mixture may be worth 60 cents per 
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gallon, the water being considered of no value, and the 
wine with which it is mixed being worth 90 cents per 
gallon ? Ans.2 gallons of wine to 1 of water. 

5. Having gold of 12, 16, 17, and 22 carats fine, what 
proportion of each kind must I take, to make a compound 
of 18 carats fine? Ans. 4, 4, 4, 9. 

6. It is required to mix different sorts of grain, at 56, 
62, and 75 cents per bushel, so that the mixture may be 
worth 60 cents per bushel. How much of each kind must 
be taken? Ans. 17, 4,4. 

Besides the variety of answers which may be obtained 
by connecting the simples diflferently, an infinite number 
of solutions may be found, by combining the different 
ratios, as we will illustrate by the aid of the following 
question : 

7. How much tea at 5 shillings, 6 shfllings and 8 shil- 
lings per pound, must be mixed so that the mixture may 
be worth 7 shillings per pound? 

If we compound only the 5 and 8 shilling leas, we 
must take them in the ratio of 1 to 2, since 7 shillings is I 
shilling less than 8 shillings, and 2 shillings greater than 
5 shillings. Hence, any one of the compounds in the fol- 
lowing group (A,) will be worth 7 shillings per pound. 

(1) (2) (3) (4) (5) (6) 

5 shiUing tea 1 2 3 4 5 6, &c. 

8 shilling tea 2 4 6 8 10 12, &c. 

Sums, 3; 6; 9; 12; 15; 18;&c.J 

If we now mix the 6 and 8 shilling teas, we see that it 
will be necessary to take equal quantities of each, since 
the average price is to be as much above 6 shillings as it 
is below 8 shillings. Hence, the following compound will 
also be worth 7 shillings per pound : 



(A.) 
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KB.) 



(1) (2) (3) (4) (5) (6) 

6 shilling tea 1 2 3 4 5 6 &c. 

8 shUling tea 1 2 3 4 5 6 &c. 

Sums, 2; 4; 6; 8; 10; 12;&c. 

Now, it- is obvious, we may combine any one of these 
last results with any one of the former results. Thus, if 
we combine (1) of group (A) with (1) of (B) we have 

Pounds. 

5 shilling tea ... 1 

6 « "... 1 
8 « " 2+1=3 

If we combine (1) of (A,) with (2) of (B,) we have, 

Pounds. 

5 shilling tea ... 1 

6 " «... 2 

8 « « 2+2=4 
Combining (2) of (A,) with (3) of (B,) we have. 

Pounds. 

5 shilling tea . . .2 

6 " «... 3 
8 « *' 4+3=7 

(Combining (5) of (A,) with (4) of (B,) we have, 

Pounds. 

5 shilling tea ... 5 

6 « «... 4 
8 « « 10+4=14 

The number of combinations which could be made in 
this way is unlimited ; hence, the above class of questions 
in Alligation admit of an infinite number of answers. 

CASE u. 

When one of the ingredients is limited to a certain 
quantity. 
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1. A parson wishes to mix 10 bushels of wheat, worth 
SI per bushel, with rye, worth 70 cents per bushel, and 
oats worth 80 cents per bushel, so that the mixture may 
be worth 60 cents per bushel. How many bushels of rye 
and oats must he use 1 

Proceeding, according to Case I., we find the propo^ 
tionate numbers to be 30, SO, and $0. Hence, 

30 : 30 : : 10 : 10 
30 : 50 :.: 10 : 16f. 

So that he must make use of 10 bushels of rye, and 16) 
bushels of oats. Hence, this 

RULE. 

Find the proportionate quantities of each mgredierU, by 
Case /., in the same manner as though there was no limitor 
tion ; then, as the difference against the simple whose quau' 
tity is given, is to each of the other differences, so is the given 
quantity of that simple to the quantity required of each of 
the other simples. 

Repeat thia Role. 

2. A grocer has 90 pounds of tea, worth 90 cents per 
pound, which he wishes to mix with three other qualities, 
valued at 80 cents, 70 cents, and 60 cents per pound. 
How much must he take of these three kinds, so as to be 
able to sell the mixture at 85 cents per pound ? 

Ans. 10 pounds of each. 

3. A merchant has 90 pounds of spice worth 86 cents 
per pound, which he wishes to mix with three other sorts 
which are worth 30, 40, and 50 cents per pound, re- 
spectively. How many pounds must be *used so that the 
compound may be worth 55 cents per pound 1 

Ans. He must use 62 pounds of each. 
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MENSURATION. 



14S* PoK the reason of many of the rules which 
ve shall give for meaauring surfaces and solids, ve shall 
refer to the principles of geometry. The reference being 

in all cases to the " Elements of Geometry." 

Problem I. — To find the area of a reetangle. 

Suppose A BCD to 
be a rectangle whose 
length is 5 feet, and 
width 3 feet. 

If we divide this rect- 
angle into portions of 
one square foot each, by meaM of lines drawn parallel to 
thesidesof the rectangle, we shall obtain 1 5 auch squares; 
that is, the rectangle will contain 15 square feet. In (his 
example there are 3 strips of 5 square feet in each, or 5 
strips of 3 square feet each. So that the number of 
square feet is found by multiplying the number of feet in 
length by the number of feet in width. 

Hence, to find the area of a rectangle wo have this 



Multiply the length hy the mdth, and tha product will de- 
note the number of squares of the same kind as the measure 
utud in estimating the aidet of the rectangle. If the sides 
of lit rectangle art measured infect, the product aill be the 
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square feet ; if in inches, then the product will be squan 
inches, (B. IV. Prop, n, Scholium.) 

fion, — ^When the width of the rectangle 
is the same as its length, it becomes a sqaare, 
in whielt case we multiply the side of the 
•qoare into itael£ 




EXAMPLES. 

1. How many square feet in a floor which is 16 feet 
wide and 23^ feet long ? And how many yards of car- 
peting, one yard wide, will cover the floor ? 

23iX 16 =376= the number of square feet. 

Since in one square yard there are 9 square feet, we find 
376-f-9 = 41-J^=the number of yards of carpeting required. 

2. In a table 5 feel 3 inches long, and 3 feet 2 inches 
wide, how many square inches ? And how many square 
feet? . ( 2394 sq. inches. 

( 16f sq. feet. 

3. In a rectangular field which is 13 rods long, 'and 7 
rods wide, how many square rods ? And what part is it 
of an acre? . c 91 sq. rods. 

4. How many square inches in a square board 101 
inches on a side ? Ans. 1 10-}- sq. inches. 

5. Which is the greater, a square board of 9 inches on 
a side, or a rectangular one 12 inches long and 7-J- wide? 

r The rectangular piece 

Ans. < contains 9 square inches 

f more than the square one. 
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-PaoBLEM IL — To find the area cf a parallelogram. 

Let A BCD be a 

parallelogram having 
A B foe its base and 
D E its altitude. If 
from G we draw C F 
perpendicular to the 

base A B, meeting it, produced at the^int F, the figure 
E F C D will be a rectangle equivalent- to the parallelo- 
gram, since the triangle A E D is obviously equal to the 
triangle B F C. The base E F of the rectangle is equal 
to A B, the base of the parallelogram. The area of the 
rectangle is found (Prob. I.) by multiplying the base by 
its altitude, and since the parallelogram is equal to the 
rectangle, and since its base and altitude are respectively 
equal to the base and altitude of the rectangle, it follows 
that the* area of the parallelogram may be found by mul- 
tiplying its base by its altitude. 

Hence, to find the area of a parallelogram, we have 
this 

RULE. 

Multiply the base by the altitude. 

Note. — This rale includes the rule under the last problem for 
Ending the area of a rectangle or square. It is not therefore neces- 
^ry to add any new examples under this problem. 

Problem III. — To find the area of a triangle. 

Let A B C be a triangle, having A B for its base and 
C D its altitude. By drawing C E parallel to the base 
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A B, and B £ parallel 
to the side, A C, we 
shall form a parallelo- 
gram A B E C, evi- 
dently double the tri- 
angle ABC. The area 

of the parallelogram is found (Prob. II,) by multiplji 
the base A B into the altitude C D. And as the triangk 
one half the parallelogram, its area may be found bj t! 




RULE. 



Multiply half the hose by the altitude. 

Note. — Either side of the tri- 
angle may be regarded as the 
base, and the altitade will be the 
perpendicular drawn from the 
opposite angle to the base, or 
to the base produced. In the 
annexed diagram, the perpen- 
dicular meets the base produced. The above rule applies eqi 
well in l^s case, the area being found by multiplying half the 
A B int&||^. 

When the three sides of a triangle are known, the f 
may be found by this second 




RULE. 

From the half sum of the three sides, subtract separe 
each side, take the square root If the continued produce 
the three remainders and half sum, and it will give the c 

Note.— -For a demonstration of this second role, see Geom 
B. IL Prop. IX. 



MENSURATION. 



829 



EXAMPLES. 



1. What is the area of a triangle whose hase is 12 feet, 
^Xld altitude 3 yards ? 

5 yards = 9 feet. Therefore -J- of 1 2 x 9 = 54 square feet, 

6 square yards for the area. 

2. What is the area of a triangle whose sides are re- 
►jpectively 7, 11 and 12 feet? 



SOLimON. 

iof (7+ 11 4- 12) = 15 15x8x4x3=1440. 

jg^lj^ ^ -/1440= 12-/ 10 =37-95 nearly. 
15—12= 3 Hence the area is 37*95 sq. feet. 

3. What is the area of a triangle whose base is 14 rods, 
and whose altitude is 12 rods ? Ans. 84 sq. rods. 

4. What is the area of a triangle whose sides are re- 
gpectively 13, 14 and 15 yards ? Ans. 84 sq. wds. 

5. In a triangular field whose sides are 18, 80 and 82 feet, 
how many square yards ? Ans. 80 sq. yards. 



The area of any figure 
which is limited by any num- 
ber of right lines, as the field 
ABODE F, may be found 
by dividing it into triangles, 
and then computing each tri- 
angle separately, and taking 

thoir sum. 

28* 
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Peoblem IV, — To find the area of a trapesoid. 



m 




Let A BCD be a trape- 
zoid having A B and C D 
for the parallel sides, C F 
for its altitude. If we 
draw A C it will divide the 

trapezoid into two triangles ABC, CD A The area of 
the triangle ABC ma j be found (Prop. III.) by multi- 
plying half the base AB into the altitude C F ; and the 
area of the triangle CD A is found by multipljung half 
the base CD into the altitude AE, or into its equal CF. 
Hence the area of the trapezoid, which is the sum of the 
two-triangles, may be found by the following 



I'lt 



ISE 



I 



RULE. 



no 



Multiply half the sum of the ttoo parallel sides by the »^ 
altitude. ^ 



D 

E 




C 

F 




This rule has a fine 
application in measur- 
ing a tapering board, as 
A BCD. In this case 
half the sum of the par- 
allel sides, AD and BC, is found by measuring the width "^ 
^H at the middle of the board. This average width, i 

^H, being multiplied by the length EF will give its , 
area.* 



EXAMPLES. 



y ^lie parallel sides of a trapezoidal garden are re- 
■P^tively 4 a^^ g j^g . g^jj^j the perpendicular distance 
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tween these sides is 8 rods, how many square rods in 

^lie garden ? A ^ ^^ ®^* ^°^®' ^^ J^^ 

( ■}• of an acre. 

2. How many square feet in a tapering board 1 6 feet 
*ong, measuring 15 inches wide at one end, and 10 inches 

the other? ^nj. 16f sq. feet. 

EM V. — The diameter of a circle being given to find 

its circumference. 

If the diameter of a circle is taken as a unit, the cir- 
cumference will be 3-14159265, nearly. The exact value 
Of the ratio of the circumference to the diameter has never 
been found. Its approximate value has been extended to 
^ore than 200 places of decimals. (Geometry, B. V, 
I^iop. XIV, Scholium.) 

- Hence, when the diameter of a circle is known, its cir- 
0\unference may be found by the following 

RULE. 

Multiply the diameter 5y 3*1416. 

Note. — In the Higher Arithmetic, under Continued Fractions, 
'ire found some of the approximate values of this ratio to be 3, ^^^ 
^iii ff f > ^^- "^his last valae of ff f is true to six places of deci- 
aials* It may be easily retained in the memory by observing that 
if the first three odd numbers, 1, 3, 5, be duplicated, they will stand 
113355. Now the first three figures give the denominator, and the 
other three give the numerator of the ratio. 

Example. — What is the circumference of the earth, on 
die supposition that it is 8000 miles in diameter? 

Ans. 31416x8000=25132*8 miles, nearly. 
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Pbobldi VL — T# jad lie ctm #f m. drdt^ whn Us 

is 



RULE. ^ 



I 



MwUipif tie eiratmfere:»e€ hy smefamrik tfike Hmm 
Off what is equivalentj wmUifif the sqmmre iiftks diamdal 
07854=i ^3 141& (Geometry, R Y^ Pn^ XI.) 



NoTB. — If a. drde be iDseribed in a square, 
itt area will be to the area of the square, 
as 0-7854 is to 1. 




1. How many acres in a circle one mile in diameter 
In a square mile there are 640 acres, therefore in a t 

cle one mile in diameter there are 

640 acres X 7854=502-666 acres. 

2, Which is the greater area, a circle 5 feet in diame 
or the sum of the areas of two other circles, the one be 
4 feet in diameter and the other 3 feet ? 

r The first circle is eq 
Ans.< in area to the sum of 
Lother two. 
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Prom the above rule we 
^^aj deduce a simple meth- 
Ife of finding the area com- 
knised between the circum- 
ferences of two concentric 
^csircles, which area is the 
iXfierence between two cir- 

1^ The area of the circle 
'^hose diameter is A B, is found by multipljring its square 
Jby 0-7854. And the circle whose diameter is D E, is 
md by multiplying the square of this diameter by 07854. 
nee, the difference of these areas is equal to the differ- 
ce of the squares of the diameters multiplied by 07854. 

I 

Tkoblem VII. — To find the solidity of a prism, or of a 

cylinder. 

RULE. 

Multiply the area of the base by the altitude. (Geometry, 
i VII., Prop. XL) 

EXABIFLES. 

1. How many cubic feet in a rectangular stick of tim- 
ber 10 inches by 12 inches, and 36 feet long? 

10 inches =:f of a foot, which is the fractional part of 
a square foot for the area of the end. 

•}■ X 36=30 renumber of cubic feet. 

2. In a cylindrical log 14 feet long, and 14 inches in 
diftmeter. how many cubic fe^t? 
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14 inches = 1^- feet=f of a foot, 
fxfx 07854=1 069 square feet for area of end. 
1 069 X 14=14 366 cubic feet. 
3. How many cubic inches in a round bar of iron, 20 
feet long and f of an inch in diameter? 

Ans. 106 029 cubic inches. 

Problem VIII. — To find the volume of a pyramid^ or oft 

cone. 

RULE. 

Multiply the area of the base hy one-third the altituh 
(Geometry, B. VII., Prop. XVII.; and B.VIII. Prop. V.) 

EXAMPLES. 

1. The Egyptian pyramid, Cheops, covers a square ot 
763f feet on a side, and is 480 feet perpendicular heigbt 
How many cubic feet does it contain? 

Ans, 93244729^ cubic feet. 

2. Suppose the mast of a ship to be a regular cone 8 
feet long, and 2 feet in diameter at its base, how man; 
cubic feet will it contain? Ans. 91*106.4 cubic feet. 

Problem IX. — To find the surface of a sphere, when ii 

diameter is given, 

RULE. 

Multiply the square of the diameter ^ 3* 1 4 16. (Qoomelq 
B VIIL, Prop. Xlll. Schol.) 
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EXAMPLES. 

1. How many square miles on the surface of the earth, 
on the supposition that it is an exact sphere of 8000 miles 
in diameter ? 

Ans. 8000 X 8000 x 3- 1416=201062400 square miles. 
*• In order to obtain a value true to a unit, we must use, 
for our multiplier, 314159265, instead of 3-1416. 

Using this more accurate value, we find the 

Ans. 201661930 square miles, nearly. 

2. How many superficial inches has a ball 6 inches in 
4ameter? Ans. 1130976 square inches. 

Problem X^.-^To Jlnd the volume of. a spliere^ when its 

diameter is given. 

RULE. 

Multiply the cube of the diameter hy 0*5236, which is -J- of 
31 4 16. (Geometry, B. VIII., Prop. XIII. Schol.) 

1. How many cubic inches in a ball 6 inches in diameter? 

Ans. 6 X 6 X 6 X 05236= 1 13*0976 cubic inches. 

Note. — Comparing this Example with Example 2, under last 
Problem, we see that the number of superficial inches and cubic 
inches are equal in a sphere of 6 inches in diameter. 

2. How many cubic inches in a ball of the celebrated 
Stockton gun, the diameter of which is 12 inches? 

Ans. 904-7808 cubic inches. 
The following table of multipliers will be found very 
pODvenient for solving nearly all problems which can arise 
\fk menturatwn of circles and spheres. 

'^' •■ .. 
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TABLE OF MULTIPLIERS. 

L Radiu of a eirclaXO-SSSlSSSlssCireamferanctt. 
8. Square of the radtin of a eireleX3'14150365=Aiia. 

3. DiaiiMter<^aeiTe]«x3'M150965e=Circainferenoe. 

4. Square of the diameter of a circleXO-TSSSOeiGsAiea. 

5. CircuinfereoceofacirelexO*1591549^=:RadiQs. 

6. Cireomference of a eirelex0'31830989=l))ameter. 

7. Square root of area of a circleX0'56418958=Radtus. 

8. Square root of area of a circleXl'13837917=Dianeter. 

9. Radius of eircIeXl*73805Qei=Side of inscribed equilateral trian^ 

10. Side of inscribed equilateral triangle XO'S7735027=Radius of circle. 

11. Radius of a circleXl'414S1356=Side of inscribed square. 
13. Side of inscribed squareX0*70710678=Radius. 

13. Square of radius of a spliereXl3*56637061=8urfaee. 

14. Cube of radius of a sphereX4*18879090=VoIuine. 

15. Square of diameter of a sphereX3*14158265=Surface. 

16. Cube of diameter of a sphere XO 53359878= Volume. 

17. Squareof circumference of a sphere X0'3]8309B9==Surfaee. 

18. Cube of circumference of a sphereX0'0168868G=: Volume. 

19. Square root of surface of a 8phereX0'38209479r=Raditts. 
90. Square root of surface of a sphere X0'56418958=Diameter. 

51. Square root of surface of a sphereXl'77245385=K^ircumferenee. 

52. Cube root of volume of a8phereX0'69035049=Radiu8. 
23. Cube root of volume of r sphere Xl'24070098=Diameter. 

S4. Cube root of volume of a spherex3"897T7707=HJircumference. 
25. Radius of a 8pherexri5470054=rSide of inscribed cube. 
36. Side of inscribed cubeX0-8G602540=RRdius. 

Problem XI. — To find the volume of a frustum ofaf^ 

mid, or of a cone. 

RULE. 

Find a mean proportional between the area of the i 
bases, to which add the sum of the bases, and multiply 
result by one-third the altitude of the frustum. 



EXAMPLES. 

1. Suppose a cistern in the form of a frustum 0( 
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oone, to be 9 feet deep, having for diameters 8 feet and 6 
feet. How many cubic feet will it contain ? 

10> X 0-7854= 100 X 7854=area of one base. .. 
6* X 0-7854= 36x0-7854= " other" 

/•A A fa^A S Daean proportion between 
60x0-7854= I ^ ^ 

( bases. 



196x0-7854= Sum. 

And 196x0-7854 xi of 9=461-8152 cubic feet, for its 
volume. 

2. Suppose a measure to be in the form of a frustum of 
a regular cone. If its top diameter is 6 inches, and the 
bottom diameter 9 inches, and it is 12 inches deep, how 
many cubic inches will it contain ? and how many beer 
gallons of 282 cubic inches each ? 

537-2136 cubic inches. 
1-909 beer gallons. 



Ahs. j 



PjfCmLEM. XII. — To find the area of an dUpse, 

iBfoTB.— A liiie drawn through 
the o^re of an ellipse is called 
its dimeter. The longest diam- 
eter is called l^e tramsoene diam- 
eter; the diortest is called the 
amgugaU diameter. Thus AB is 
the transverse diameter, and CD 
.4i the conjugate diameter. 

The area of an ^llipoe may be found by this 



RULE. 

Jfalfy/y ike product of the transoerse and corrugate 

*s 6y 0*7854. 

29 
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1 . How many square feet in the surface of an elliptical 
pond, whose transverse diameter is 100 feet, and conju- 
gate diameter 60 feet ? 

Ans. 100x60x07854 =4712-4 square feet. 

*2. How many square inches is an elliptical table whose ; 
transverse diameter is 5 feet 3 inches, and conjugate diam- 
eter 3 fpet 6 inches / And how many square feet ? 

^ 2078 1 684 square inches. 

^ 14 4317 square feet 



Note 1. — If aii eiJipse be in- 
scribed in a rec. angle, its area will 
be to the area of the rectangle as 
0-7854 is to I. 

Note 2. — We also infer that, if a 
circle he inscribed in an ellipse, 
and another circle be circuni2»ciibed 
about the same ellipse, the ellipse 
i.Ha mean proportional between tHb 
areas of the two circles ; that is. we 
shall have, area of inscribed circle 
is to the area of ellipse, as area of 
ellipse is to the area of circum- 
scribed circle. 





PROMISCUOUS QUESTIONS. 

f 144* 1. Suppose I purchase 81200 wofth of goods, f 
of which is on a credit oC ^ motvths, -i on a credit of A 
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months, and the remaining -^ on a credit of 9 mor.ihsi. 
How much ready money ought to pay the purcheese, in- 
terest being 7 per cent. ? Ans. $1 159-64, nearly. 

2. In the above example.^ by the princif^es of equation 
of payments, how much Credit ought I to have on the 
whole sum of $1200 ? Ans. 6 months. 

3. Now, what is the present worth of $1200 due at the 
end of 6 months, interest being 7 per cent. ? 

Ans. $1159-42, nearly. 

4. I employed A and B to ditch my meadow. A was 
to receive 87-jt cents per rod, and B was to have 1 12-J 
cents per rod ; each wrought until his wages amounted 
to J50. What was the amount of ditch diig by both ? 

Ans. lOlff. 
6. Three merchants, A, B, and C, enter into partner- 
ship A advances $1200, B $800, and C $600. TA leaves 
his money 8 months, B 10 months, and C 14 months in 
the business. They gain $500. What is the share of 

each? 

PA receives $184t\. 

Ans A B « 153-rt. 

LC " 161-ft. 

6. A and B have the same income ; A saves -^^ of his ; 
but B, by spending $120 per annum more than A, at the 
end of 10 years finds himself $200 in debt. What was 
the income? yln^. $500. 

7. Suppose a book--to contain 365 pages, averaging 40 
lines of 10 words each on each page. How many words 
would the book contain ? Ans. \ 46000 words. 

8. There are 31173 verses in the Qible; how many 
days will it require to read it through, if 30 verses are 
read daily? Ans. 1039tV days. 
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9. After expending ■}• of my money, and •}• of the re- 
mainder, I had remaining $72 ; how much had I at first) 

Ans. $128. 

10. If I sell cloth at $150 per yard, and gain 25 per 
cent., how ought I to have sold it so as to lose 20 per 
cent.? Ans. $0*96. 

11. Sold cloth at $1*50 per yard, and gained 25 per 
cent. What should I have lost per cent., if I had sold it 
at $0-96 per yard ? Ans. 20 per cent. 

12. If I buy cloth at $1*20 per yard, how must I sell it 
so as to gain 25 per cent. ? Ans, $ 1 50. 

13. A merchant has to make the following payments at 
three different periods : $2832 in 3 months, $2560 in 9 
months, and $1450 in 16 months. The creditor wishes to 
jseceive the whole sum of $6842 at once, "^hen ought 
thf "payment to be made ? Ans. In 8 months. 

14,^.A father gives to his five sons $1000, which they 
^ar« •<<£)* divide according to their ages, so that each elder 
- son shall receive $20 more than his next j^ounger brother. 
What is the share of the youngest ? Ans. $160. 

15. A company of 90 persons consists of men, women, 
and children. The men are 4 in number more than the 
women, the children 10 more than the adults. How many 
men, women, and children, are there in the company ? 

r 22 men, 
Ans. < 18 women, 
( 50 children. 

16. The common school fund for the state of New- York 
was. $1975093-15 in 1843, and during the same year 
there were in the state, 677995 children between the ages 
of 5 arfd*16 years. How much would the above fund 
amount to per scholar? Ans. $2*91, nearly. 
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The whole number of volumes in the common 
-tool libraries of New York, in 1843, was 874865. 
Lat would be their value at 37^ cents per volume ? 

Ans. $328074-37i. 

18. The whole number of children taught in N. Y. 
ivuing the year 1843, was 657782, and the whole number 

schools was 10860. How many scholars on an average 
'ould each school consist of? Ans. Between 60 and 61. 

19. Suppose the Erie canal to be 60 feet wide, and 
jt deep ; how many miles in length will it require to 

^^ake one cubic mile of water? A?is, 77440 miles. 

20. A person owning f of a copper mine, sells ^ of his 
'interest in it for $1800. What, at this ratie, is the value 

«f the whole ? Ans. $4000. 

21. Suppose I buy a certain lot of oranges at 3 cents 
apiece, and as many more at 5 cents apiece, and sell them 
at 4 cents apiece ; do I gain or lose by the operation ? 

Ans. I neither gain nor lose. 

22. Suppose I buy a certain number of oranges at 3 
for one cent, and as many more at Q for one cent, and sell 
them at 4 for one cent ; do I gain or lose by the operation ? 

r I lose -gV of a cent on each orange. 
Ans. < If the whole number of oranges 
' was 60, I should lose one cent. 

23. Suppose I expend a certain sum of money for 
oranges at -J of a cent, apiece and another equal sum 
for another lot of oranges at •} of a cent apiece, and sell 
them at-}- of act. apiece, do I gain or lose by the operation 7 

Ans. I neither gain nor lose. 

24. Suppose I expend a certain sum of money for oran* 
ges at 8 cents apiece, and another equal sum for another 

29* 
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lot at 5 cents apiece ; how much do I gain on each cent 

expended, if I sell them at 4 cents apiece ? 

r I gain iV <^^ ^ ^®^^ o^ each cent 
. J employed in the purchase. If 
I the whole sum employed was 15 
L cents, I should gain 1 cent. 

26. If A can do a piece of work in 3 days, B in 4 days, 
and C in 5 days, how many times longer will it take B to 
do it alone, than it will take A and C together to do it ? 

Ans. 2-iV times. 

26. If A can accomplish a piece of work in + of a day, 
B in •}- of a day, and C in -J of a day, how many times 
longer will it take B to do it alone, than it will take A and 
C together to do it ? Ans, 2 times. 

27. What is the shortest piece of cloth which shall be I 
at the same time, an even number of yards, an even num- 
ber of Ells Flemish, an even number of Ells English, and 
an even number of Ells French ? 

Ans. GO quarters = 15 yards. 

28. A man died, leaving $1000, to be divided between 
his two sons, one 14, and the other 18 yeajrs of age, in 
such a proportion, that the share of each being put to in- 
terest at 6 per cent., should amount to the same sum when 
they should arrive at the age of 21. What did each one 
receive ? 

Since the shares of each would amoimt to equal sums 
when they should come of age, it is obvious that they 
naust have been to each other reciprocally as the amount 
of •! for the respective times 7 years and 3 years. The 
*nio(unt of 81 for 7 years at 6 per cent., is $1-42. The 
•""^Ottnt of $1 for 3 years at 6 per cent., is f 118, Hence, 
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their portions were as 118 is to 142, or as 59 to 71. The 
sum of these numbers is 130. Therefore, 
The younger must have -^ of $1000 =$453-846, nearly. 
The « elder must have tW of $ 1 000 = $546- 1 54, nearly. 

29. Divide $100 between A, B, and C,so that B may 
have $3 more than A, and C $4 more than B. How much 
must each one have? fA has $30. 

AnsJ B « $33. 
LC « $37. 

30. A can do a piece of work in 4 days, and B can do 
the same in 3 days. How long would it take both to- 
gether to do it ? Ans, 1-f days. 

31. A person wishes to dispose of his horse by lottery. 
If he sells the tickets at $2 each, he will lose $30 on his 
horse ; but if he sells them at $3 each, he will receive $30 
more than his horse cost him. What is the value of the 
horse, and the number of tickets ? 

. ( Value of horse, $150. 
' ( No. of tickets, 60. 

32. Thomas sold 150 pine-apples at 33^- cents apiece, 
and received the same amoimt of money that Henry did 
for water-melons at 25 cents apiece. How much money 
did each receive, and how many melons did Henry sell ? 

Ans. Each received $50, and Henry sold 200 melons. 

33. A man bought apples at 5 cents a dozen, half of 
which he exchanged for pears, at the rate of 8 apples for 
5 pears ; he then sold all his apples and pears at a cent 
apiece, and thus gained 19 cents. How many apples did 
he buy, and how much did they cost ? 

Ans. 48 apples for 20 cents. 

34. A person expended $23-40 for eg^. With one 
haif of his money he purchased a lot at 13 cants per doz- 
en ; with the other half of his moTi^y\v^'^'cs^^^Sb>^^v£s^s:j^s\!^ 
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lot at 9 cents per dozen. He afterward sold them all to- 
gether at 1 1 cents per dozen. Did he gain oc lose by the 
operation T Ans. He gained 80 cents. 

85. Divide $1200 between A and B so that A's share 
may be to B*s a« >to 7. ^^ ( A has •266f. 

*** ( B has $933+. . 

86. A gentleman spends -f of his yearly income for 
board and lodging, -f of the remainder for clothes, and f 
of the residue he bestows for charitable purposes, and 
saves $100 yearly. What is his income 9 

Ans, 92700. 

37. If I buy an article for $4, and sell it for $5, how 
much per cent, do I gain ? Ans, 25 per cent. 

88. If I give 95 for an article, and sell it for $4, how 
much per cent, do I lose ? Aug. 20 per cent. 

39. What is the interest of $175 for 3 months, at 6 per 
cent.? Ans. $2 625. 

40. How many yards of Brussels carpeting, which is -J 
of a yard wide, will it require to cover a floor 18 feet by 
20 feet? Ans. 53^ yards. 

41. Admitting the velocity of a cannon ball to be 1600 
feet per second, what time, at this velocity, would it require 
to move 95 milhons of miles, which is the distance from 
the earth to the sun, counting 365-}- days to the year. 

A71S, 9+fH4 years. 

42. The Winchester bushel measure is of a cylindric 
form, 8 inches deep, and 18^ inches in diameter, containing 
2150f cubic inches. What must be the side of a cubical 
box which shall contain the same quantity ? 

The cube root of 2150f =12-907, nearly, for the length 
of a side, in inches. 
43. The clocks of Ua\y %^ on \» 'JLVVwo^*, SJtw^wVwi 
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many strokes do they strike in one revolution of the 
index? Ans, 300. 

44. There is an island 20 miles in circumference, and 
three men, A, B, and C, start from the same point,^ and 
travel the same way ahout it ; A goes 3 miles per hour, 
B goes 7 miles per hour, and C goes 1 1 miles per hour. In 
what time will they all be together ? 

Since B gains on A 4 miles each hour, he will overtake 
him when he has gained the entire circumference ; that is, 
A and B will be together at the end of every 5 hours. 
Again, since C gains on B 4 miles each hour, he will 
overtake him when he has gained the whole circumference ; 
that is, B and C will be together at the end of every 5 
hours. Consequently, they will all be together at the end 
of every 5 hours. 

45. What is the discount of $175 for 3 months, at 6 
per cent. ? Ans. $2*586. 

46. If a ship and its cargo is worth 930000, and the 
cargo \9 worth 5 times as much as the ship, what is the 
value of the cargo ? Ans. $25000. 

47. What is the diflference between six and one half 
times 7, and seven and one half times 6 ? Ans, -J-. 

« 

48. Three persons. A, B, and C, form a partnership ; A 
furnishes $1000, B $600, and C $450 f at the end of 6 
months, C withdraws his capital, but no dividend is made 
until the end of the year, when it is found that the firm 
has gained $244*16. How is this gain to be divided be- 
tween the partners ? 

rA'has ff of $244-16=$133-79— 

AnsA B has f^ of $24416=$ 80*27+ 

l C has VV of $244.16=$ 3010 + 
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49. Thiee penons, A, B, and C, engage to build a cer- 
tain piece of wall for 9244*16. While A can build 10 
rods, B can build but 6, and C but 4|-. When the wall if 
half completed, C ceases to labor upon it, and A and B 
finish it. What part of the $244* 1 6 ought each to receiTe f 

{A ought to have $135*85. 
B « '^ " $ »1-51. 
C « « « $ 26-80. 

50. A and'B together can build a wall in 4 days, A and 
C can together build it in 5 dajs, B and C can together 
build it in 6 days. What time would it require for all 
tog^her to accomplish it ? 

A and B can in one day build -J- of it=^ of it. 

AandC " " " « "^ iofit=«ofit. 

BandC " « " " " i of itrrH of it. 
The sum of these fractions, -H+i-f 4-H=f^, is evi- 
dently twice the fractional part accomplished by all in one 
day. Hence, they all would in one day accomplish -J- of 
fJ=-jVir; consequently, in -^=3-^ days, they would 
finish it. 

50. A note of $10000 given Jan. 1st, 1840, has received 
the following indorsements: January 1st, 1841, indorsed 
$2952-28, January 1st, 1842, indorsed $295.2-28, January 
1st, 1843, indorsed $2952*28. How much remained due 
January 1st, 1844, interest being computed at 7 per cent? 

Ans. There was due $295228. 
61. Two hunters, A and B, kill a deer, whose weight 
they are desirous of knowing. For this purpose, they rest 
a stick across the limb of a tree ; then suspending the deer 
at the shorter extremity, they find that its weight is just 
counterpoised by the weight of A. who suspends himself 
bv his hands at the other extremity. Without changing 
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- the point of support of the stick, they take the deer from 
. , the shorter extremity and suspend it at the longer ex- 
tremity of the stick, when it was found to be exactly bal- 
anced oy B's weight, when suspended at the shorter 
extremity of the stick. Now, supposing A to weigh 147 
pounds, and B to weigh 192 pounds, what must have been 
the weight of the deer? 

By the principle of the lever, we know that when dif- 

■ ferent weights at its extremities balance each other, they 

■ are to each other inversely as the lengths of the arms to 
which they are attached. Hence, in the first experiment, 
we know that the weight of A is to the deer's weight, as 
jthe shorter arm is to the longer arm. In the second experi- 
ment, the deer's weight is to B's weight, as the. shorter 
arm is to the longer arm. Consequently, A's weight is to 
the deer's weight, as the deer*Q weight is to B's weight ; 
that is, the deer's weight is a mean proportional between 
A's weight and B's weight. Therefore, if we multiply 
the number of pounds which A weighed, by the number 
of pounds which B weighed, and extract the square 
root of tj^e product, it will give the weight of the deer in 
pounds. 

147 X 192=28224. 

^^^ V28224= 168 the weight of the deer in pounds. 
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